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Abstract

We revisit the Tragedy of the Commons in an dynamic overlapping
generations economy peopled of shepherds who decide how many sheep
they let graze on a common parcel of land, while relying on different
forms of rationality (Nash players, Pure or Impure Kantian players). We
examine the dynamics of heterogeneity and land congestion when the
prevalance of those different forms of rationality evolves over time follow-
ing a vertical/oblique socialization process & la Bisin and Verdier (2001).
We study the impacts of a quota and of a tax on the congestion of land,
and we show that introducing a quota may, in some cases, reduce the
proportion of Kantians (Pure and Impure), and worsen the Tragedy of
Commons with respect to the laissez-faire. Finally, we examine whether
a government should promote either a Pure or an Impure Kantian moral-
ity, by comparing the relative fitness of Pure/Impure Kantians, and their
interactions with the congestion of land.
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1 Introduction

Popularized by Harding (1968), the Tragedy of the Commons refers to a general
class of situations where a common resource is overused by individuals who
do not, when making their decisions, internalize the negative impact of their
decisions on others’ interests. The standard example of the Tragedy of the
Commons consists of an economy of shepherds whose sheep graze on the same
common (unregulated) parcel of land. When deciding how many sheep they
let graze, each shepherd may not fully internalize the negative effect of raising
the number of sheep on the output (wool, meat) of other shepherds. As a
consequence, the land is congestionned, the return per sheep is low, and there
is an aggregate undersupply of output.

Referring to the game-theoretical literature on Prisoners’ Dilemmas, the
Tragedy of the Commons can be described as a Nash equilibrium that is not
Pareto efficient. To turn back to the example of shepherds, the land congestion
that prevails at the laissez-faire is not Pareto efficient: each shepherd would be
strictly better off than at the laissez-faire provided there was a way to enforce
a global reduction in the number of sheep per shepherd.!

The overuse of a common resource has been widely tested in experiments
through common pool resource games.? In those games, a common, unregulated
resource can be extracted by some players at the detriment of others. The the-
oretical prediction of those games is that each player plays Nash, and extracts
a lot. However, although outcomes of common pool resource games vary de-
pending on the particular rules of the game, experimental evidence shows that a
significant proportion of players extract less than what Nash players maximizing
their own pay-offs would extract.?

A possible explanation for that paradoxical result may be that players play
Nash, but exhibit inequality aversion, as suggested in Fehr and Schmidt (1999).
When players are averse to inequality, they choose to behave in a more coop-
erative way, to avoid large inequalities in outcomes among players. Another
possible explanation is that the concept of Nash equilibrium is not adequate to
describe how individuals behave in those experiments. Rabin (1993) developed
the concept of fairness equilibrium, i.e. a set of strategies and beliefs on other
player’s intentions such that (i) each player plays the best reply to the other
players strategies given his beliefs on other players’ intentions; (ii) those be-
liefs are actually verified. Alternatively, Roemer (2010) introduced the concept
of Kantian equilibrium. Kantian rationality consists in choosing not the best
strategy for oneself, but the best generalizable strategy, i.e. the best strategy in
the hypothetical case where a group (possibly everyone) would play it as well.

ndeed, such a reduction would, by raising the return per sheep, raise the net output per
shepherd, and, as such, this would constitute a Pareto improvement.

2See Walker and Gardner (1992), Ostrom, Gardner and Walker (1994), Keser and Gardner
(1999), Ostrom et al (2002) and Apesteguia (2006).

3 According to Ostrom et al (2002), players in a basic common pool resource game extract
only about 50 % of the common resource, whereas the unique Nash equilibrium would consist
in extracting 100 % of the common resource.



The coexistence of alternative forms of rationality raises the question of the
dynamics of heterogeneity: which form of rationality will survive in the long
run? More specifically, when considering the Tragedy of the Commons, one
may wonder to what extent Kantian players survive or become extinct in the
long-run. Then, turning to an economy with a government, one may also wonder
to what extent public intervention can influence the dynamics of heterogeneity,
by favoring the survival or the extinction of some form of rationality.

The goal of this paper is to study, in a dynamic model, the survival or the
extinction of Kantian behaviors in the context of the Tragedy of the Commons.
For that purpose, we develop a two-period overlapping generations model (OLG)
composed of a population of shepherds, who decide how many sheep they let
graze on a common parcel of land, while relying on different forms of rationality
(Nash players, Pure or Impure Kantian players, the latter being defined as
players choosing the best actions generalized to their group only). In line with
the literature, the more sheep a shepherd has, and the lower is the available
land for each sheep, which reduces the output per sheep.

In order to study the dynamics of heterogeneity in the context of the Tragedy
of the Commons, we rely on a vertical/oblique socialization process & la Bisin
and Verdier (2001). In that setting, parents, who are motivated by imperfect
empathy towards their children, can, through costly socialization efforts, influ-
ence the probability to transmit their trait (here their kind of rationality, Nash
or Kantian) to their children. The dynamics of heterogeneity thus depends on
parental socialization efforts, which are themselves, because of imperfect empa-
thy, functions of the numbers and distributions of sheep among the population.

Our reliance on a socialization model can be motivated as follows. The liter-
ature on the management of common pool resources emphasized the existence
of strong interactions between, on the one hand, the maintenance of commonly
owned resources, and, on the other hand, the enhancement of a community:
while the composition of a community can affect the overuse of a common re-
source, the reciprocal is also true.* Obviously this kind of interaction can be
rationalized in various ways, including social learning (Gale et al 1993, Bjorner-
stedt and Weibull 1994). However, the central role of culture in explaining
social behaviors motivates the study of models of cultural transmission. Recent
empirical evidence emphasized that cultural norms are a key determinant of
differences in social behaviors. Focusing on 15 small-scale societies (in Africa,
Asia and South America), Henrich et al (2001) show that there exist significant
differences across tribes in the outcomes of the ultimatum game.® Moreover,
there is also some evidence of the role of socialization efforts in the transmission
of (non)cooperative behaviors (Knight et al, 1993).

Anticipating our results, we first characterize, at the temporary equilibrium,

4For example, Ostrom (1987) in McCay and Acheson (1987), taking the case of commu-
nal tenure in Swiss Alpins, explained that in those rural communities using common land,
overgrazing has been kept within control, and that not only has the common resource been
protected, but that the community has been enhanced by the absence of overgrazing.

5For instance, the mean offer made by the Mapuche (Chile) is larger than the one made
by the Machiguenga (Peru) (0.34 against 0.26).



four distinct situations: (1) the symmetric Nash equilibrium (when the popula-
tion is composed of Nash players only); (2) the symmetric Kantian equilibrium
(when the population is composed of Kantian players only); (3) the symmetric
q equilibrium with Pure Kantians (when a fraction ¢ of the population is Pure
Kantian, and chooses the best generalizable strategy independently from the
composition of the population, while a fraction 1 — ¢ plays Nash); (4) the sym-
metric g equilibrium with Impure Kantians (when a fraction ¢ of the population
is Impure Kantian, and chooses the best strategy generalizable to its group,
while a fraction 1 — g plays Nash). We examine the existence and uniqueness of
those different types of temporary equilibria. Then, when studying the dynam-
ics of heterogeneity, we examine the conditions for the existence, the uniqueness
and the stability of stationary equilibria involving Nash players and (Pure or
Impure) Kantian players. We show that (Pure or Impure) Kantians survive in
the long-run for any initial partition of the population.

When turning to policy, we first show that introducing a quota on the number
of sheep per shepherd may, in some cases, reduce the proportion of Kantians
(Pure and Impure), and worsen the Tragedy of the Commons, by reinforcing
the congestion of land. We also compare, on the basis of numerical analyses,
the impact of a quota with the impact of a Pigouvian tax on animals, and
we show that, although a weak quota can worsen the Tragedy, even a low tax
can help reducing congestion. Thus, in a third-best world with strong political
constraints, the tax perfoms better than the quota. Finally, we examine whether
a government should promote either a Pure or an Impure Kantian morality, by
comparing the relative fitness of Nash players, Pure and Impure Kantian players.
We show that, for a given partition ¢, the total number of animals is lower at
the ¢ equilibrium with Pure Kantians than at the ¢ equilibrium with Impure
Kantians. However, once allowing for the endogeneity of the partition, whether
a Pure or an Impure Kantian morality yields a less severe Tragedy varies with
the parametrizations, and with the extent of the congestion of land.

Our paper is related to the literature on the dynamics of heterogeneity, and
its applications to common resource games. First, our study is especially related
to the article by Curry and Roemer (2012), which focuses on the Tragedy of
the Commons in the case of a shepherds’ economy, and studies the dynamics of
heterogeneity (Nash versus Kantian players) by means of an evolutionary game
approach. Curry and Roemer show that Kantian behavior can be evolutionary
advantageous when Kantian players can observe the type of their opponents,
which raises the question of the signaling of types. Our paper complements
Curry and Roemer (2012) by considering the survival of Kantian behaviors by
means of a socialization approach involving parental efforts. Our paper is also
close to Sethi and Somanathan (1996) who study the evolution of social norms
in common property resource use by means of an evolutionary game approach.
Unlike us, they consider the possibility of punishing defectors. We complement
that paper by modeling how parents, by socialization efforts, contribute to the
production of behavioral norms in the population. Another related paper, but
in the context of climate change, is Van Long (2015), who characterizes the Kan-
tian equilibrium in a dynamic game of climate change mitigations, and studies



the dynamics of the partition of Kantians in the population. Second, our pa-
per is also related to the literature on evolutionary dynamics focusing on the
survival of cooperative behaviors (Weibull 1995, Sethi and Somanathan 2001,
Cressman 2003). Using a general model of evolutionary dynamics, Alger and
Weibull (2014) show that Kantian morality can, unlike selfishness, be evolution-
ary stable. That general result applies to various environments, including the
Tragedy of the Commons. Third, our paper complements also the literature
on the economics of culture and socialization (Bisin and Verdier 2001, 2011).
While that literature focused mainly on the transmission of preferences traits,
we focus here on the transmission of different forms of rationality. Finally, on
the policy side, our paper is also related to the public economics literature show-
ing that public policy can sometimes have perverse effects, through its impact
on motivations (Brekke et al, 2003; Ponthiere 2013).

The paper is organized as follows. Section 2 presents the model, and char-
acterizes the static Nash equilibrium, Kantian equilibrium, ¢ equilibrium with
Pure Kantians and ¢ equilibrium with Impure Kantians. Section 3 studies social-
ization and the long-run dynamics of heterogeneity. The impact of introducing
a quota on sheep per shepherd on the dynamics of heterogeneity and on con-
gestion is examined in Section 4. Section 5 studies the influence of a Pigouvian
tax on congestion. The relative fitness of the Pure and Impure Kantians (with
respect to Nash players) is examined in Section 6. Section 7 concludes.

2 The model

We consider a 2-period OLG economy with a fixed piece of land of finite surface.
Each cohort is a continuum of agents of size 1. Individuals live two periods.
Period 1 is childhood, during which no decision is made. Period 2 is adulthood,
during which individuals produce some output (e.g. meat or wool) by means of
land and some input (e.g. sheep).

The population is composed of two types of agents ¢ € {K, N}, who differ
regarding the decision rule they follow for the choice of level of input:

e Kantian agents (denoted type-K): those agents, when choosing the amount
of input, choose the best generalizable input level;

e Nash agents (denoted type-N): those agents, when choosing the amount
of input, choose the best input level for himself, conditionally on some
beliefs regarding the choice of inputs of others.

At time ¢, the proportion of Kantian agents in the population of young adults
is equal to ¢;, whereas the proportion of Nash agents is equal to 1 — ¢;.

2.1 Production

Each individual i produces an output y! by means of some input (animals)
el and land. Land is publicly owned: no producer has any property right on



it. The amount of land used by each producer/shepherd is supposed to be
strictly proportional to the relative number of animals used by the producer, in
proportion to the total number of animals used in the population.

The production function for each producer 7 is:

yi = F (¢}, s1) (1)
where s! = eé—:g is the amount of land used by the producer i, while E;, =
filzo etdi. Since there is no property right on land, the amount of land used by
producer ¢ is strictly proportional to the share of the number of animals he uses

within the total number of animals.
Substituting for s;¢, we have:

. . ei
yi=F ( EZ5> @

Let us normalize S to 1. Let us assume that F (+) is homogenous of degree
1. Dividing the LHS and the RHS by e}, we obtain:

yi 1
Z=F(1 — 3
e (’Et) ®)

which the product per producer per animal. Hence the total product per shep-

herd is: )
=i (1) @)

Defining G (E;) = E.F (1, E%) as the society’s product, we get:

yZ =G (E) (5)

which is the functional form used by Curry and Roemer (2012). Note that we
have G’ (E;) > 0 and G” (E;) < 0.

2.2 Preferences

Individuals derive utility from consumption, as well as some disutility from
training animals.
Consumption is defined as the difference between the sales and the cost of
buying animals: ‘
1
7} = PG (Br) — cc} (6)
t
where p is the price of output and c is the unit cost of animals. In the rest of
this paper, we normalize p to 1 without loss of generality.



Individual utility on consumption (x%) is:

wiel) = E

with 0 < o < 1.
Total utility is defined as:

i . l1—0
#G(E) — cei)

Uel) = ( — v (e) (8)

where v (ei) is the disutility of training animals. We assume, for the sake of
simplicity, that this disutility takes the following form:

o(el) = L )

We have: v’ (ei) = el and v” (ei) = ).

1—0

2.3 Decision rule

The two types of agents differ regarding the way in which they choose the
number of animals.

2.3.1 Nash behavior

Type N agents solve the standard maximization of utility problem, subject to
market prices and to beliefs regarding the choice of animals by other producers
é;. This problem can be written as:

(Ee(m) ) sy

eN 1—0 2

1
s.t. Ey E/ éidi
i=0

Note that the marginal impact of eiv on E, equals 0, due to the fact that
there is a continuum of agents. Hence the optimal el¥ satisfies:

()
By N
el =0 (10
(6 (8) - ect)
Given that u'(z%) > 0, the optimal level of e satisfies:
(1)

Ey

D= ) & (11)
o G(E;

oty (45 o)




Hence we have:

e ) "

Lo e,

)
S
Il

Thus the optimal number of animals e* is decreasing in the expected num-

. .. G(E
since the derivative of ;t) wrt to

ber of animals of other producers E; VN
t

9

E; ™ is negative. This is a standard reaction function. Thus we have:

N
dey

dEN

<0

This depends on the expected levels of animals for all producers, Kantian
and non-Kantian, and on the proportions of the two types in the population g;
and 1 — g;.

2.3.2 Pure Kantians

Kantian rationality is about choosing the best ”generalizable” actions. There
exist two distinct types of Kantian behaviors, which differ regarding the scope
of the ”generalizability”: generalizability to the whole society (Pure Kantians)
or to the group of Kantians only (Impure Kantians).

Pure Kantians (sometimes called Kantians with imperfect information) se-
lect the number of animals that leads to the largest generalizable well-being
level, that is, the number of animals such that, if chosen by all individuals
(without exception), this would lead to the largest level of well-being.

Impure Kantian (sometimes called Kantians with perfect information) select
the number of animals that leads to the largest well-being level generalizable to
all Kantians, that is, the number of animals such that, if chosen by all Kantian
individuals (with exception of the N-type agents), this would lead to the largest
level of well-being for Kantian people. Note that, by definition, Impure Kantian
exist only when ¢ < 1. When g = 1, Impure Kantians behave like Pure Kantians.

When Pure Kantians, type-K agents solve the following problem. The look
for the number of animals that maximize their own well-being provided all other
individuals enjoy the same number of animals. The problem can be written as:

eK K 1—0o
(ﬁG (EBy) — cef ) (e§<>2
max -
ef l1—0 2

st. By =el



The optimal ef* satisfies:

eK* —0o
(t G(Eo—cef*) (@ (B - ¢) = ek (14)

An interior solution requires G’ (E;) — ¢ > 0.

Hence: .
140

e | (G (E)-0)
t - G(E, o

’(/} ( (Et ) - C)
Given that E; = ef* with Pure Kantians, it follows that the optimal Kantian

number of animals is independent from g¢;, unlike the one of a Nash player.
Let us compare this with the Nash optimal level of animals:

1
<C@C> T+o
Nx __ B

(15)

Given that G’ (E;) < G(EEt), we obviously have:
ek < N (16)

2.3.3 Impure Kantians

When Impure Kantians, type-K agents solve the following problem. They look
for the number of animals that maximize their own well-being provided all
other Kantian individuals enjoy the same number of animals and the 1 — g other
individuals play Nash. The problem can be written as:

oK K 1—0o
<ﬁG(Et) — ce; ) .
R 1-o 2

st. By = qel + (1 —q)e

The optimal ef** satisfies:

K

Et—ef(** + e;
(B ec (B) +

t* G (Ey) ¢ — c)
(egmG(Et) - Cef(**)a

= e (17)

Ey
Hence:

1
ito

Biel 0GBy + %G (B
Ko _ ( ey OB+ g (f)qt_c)
" (GSEEt) _ C)

t




That condition can be rewritten as:

(efl;:fh) |:G/ (Et) _ G%Ett,)} + Ggft) —c to
kv _ A (19
¥ (Tt - C)

t

Note that, when ¢; = 0, this condition collapses to —

which coincides with . When ¢; = 1, the condition collapses to ef** =

1
{ G'(B)—c ]”"_em

G(E g S A
d’( ﬁft”ﬂ:)

2.4 Equilibria

Let us consider now the characterization of the equilibria under the different
partitions of the population in terms of Kantian (Pure and Impure) and non-
Kantian. For that purpose, we will first consider the existence of an equilibrium
when the population is composed exclusively of Kantian individuals or Nash
players. Then, in a second stage, we will consider the existence of an equilibrium
in mixed societies.

Throughout this paper, we will focus only on symmetric equilibria, i.e. equi-
libria where each Nash player acts as the other Nash players, and where each
Kantian player acts as the other Kantians.

2.4.1 Kantian equilibrium

Let us first consider an economy that is composed only of Kantian individuals.

Definition 1 A (symmetric) Kantian equilibrium (q = 1) is a distribution of

animal numbers uniform with ! = eX* such that:

1
ito

K+ _ (G' (ef") —¢)

€ = K g
(4 <G(ef<' ) _ C)

Proposition 1 examines the existence and uniqueness of the Kantian equi-
librium.

)

Proposition 1 In an economy with g = 1, there exists a (symmetric) Kantian
equilibrium. A sufficient condition for uniqueness of the Kantian equilibrium is:

ef(*G// (etK'*)

G (eff) — L)

>oV0<ef* <G ()

10



Proof. There exists a (symmetric) Kantian equilibrium if and only if the equa-
tion

1

140

admits a solution.

Remind that the interiority of the optimal number of animals requires:
G’ (ef*) — ¢ > 0. At ef* = 0, we know that the RHS of the above equa-
tion is strictly positive. Moreover, at ef* = G'~1(c), the RHS of the above
condition equals zero. Hence, by continuity, the RHS must necessarily intersect
the 45° line at least once.

Regarding uniqueness, note that the derivative of the RHS wrt to e* is:

ﬁil (eXK*)—c)o ef*
+ |:G// (et[{*) . (G ( t ) ) <G/ etI(*) B G(I;*

K+ Kx*
G(et )7cet

1 + o Kx* g K*
o (31 ) (T
The sign of this expression is the sign of:

(
)
g ey (G =)o (G, () G(K))

G (etK*) — cel* ¢ elx
or
K= (G/ (etK*) — C) o1 K G (etK*)
G (e] )_Wef{* G (¢f )_etT

The negativity of that expression is achieved when:

G// (ef(*)

11



’ GK* —c
Given that %

t —
K €
t

< 1, a sufficient condition for uniqueness is that:

etK*G/l (61{{*)
(o1 -54)

Hence a sufficient condition for the existence of a unique Kantian equilibrium
is:

>0

etI(*G/l (e{(*)
G EK*

(G’ (efer) — SE ))

Clearly, under that condition, the RHS of the initial expression is decreasing,

and intersects the z axis at ef* = G’~! (¢). Hence, it necessarily intersects the
45° line only once. m

According to Proposition 1, there always exists at least one Kantian equilib-

rium. Moreover, a simple condition on the production function G (-) suffices to

guarantee the uniqueness of the Kantian equilibrium. In order to have an idea

of the strength of that condition, let us consider the case where G (-) takes the

form of a Cobb-Douglas production function, i.e. G (e;) = Aef with 0 < o < 1.
In that case, the interiority condition implies:

> oV0 < ef* <G (c)

1
Ao\ T-=
Aae® 1 >¢c << e< (
c

Hence the condition sufficient for uniqueness becomes:

ef*Aa(a —1) (etK*)OHQ
(Aa (k) -4 (65*)“*1)

11—«
>oV0< e <G (e) = ()

This can be simplified to:
a>o

Thus, under G (e;) = Ae®, a sufficient condition for uniqueness of the Kan-
tian equilibrium is a > o. Obviously, in case of quasi-linear preferences (i.e.
o = 0), that condition is necessarily satisfied, so that the Kantian equilibrium
exists and is unique.

2.4.2 Nash equilibrium

Let us now consider the case of an economy composed exclusively of Nash play-
ers.

12



Definition 2 A symmetric Nash equilibrium (q = 0) is a distribution of animal
numbers uniform with el = elN* such that:

1
G N = 140
( E;Z\;* ) _C)
eN* = =
N *
(4 <G(;$ ) C>
t

Proposition 2 states that there exists always a unique symmetric Nash equi-
librium in this economy.

Proposition 2 In an economy with ¢ = 0, there exists a unique symmetric
Nash equilibrium.

Proof. There exists a unique symmetric Nash equilibrium if and only if the
following equation admits a unique solution:

1
* 1+o
()
N+ —C
eV — !

Gle)

Note that interiority requires: —x+—= —c¢ > 0.
t

The equation can be rewritten as:

* l1—0o 14.%
(%2 -2)

The derivative of the RHS wrt to e}¥*:

G(ei\]*

N
€t

N*)

)

1+o ) P elN* el

1 (Gg"*) ‘) o (1-0) (G (e _C> - {G/ (

Given the interiority condition the first factor and the second factors are
positive. Given the concavity of G (ei\' ), the last factor is negative. Hence the

N*
RHS of the equation is decreasing. Note that when G(jj ) — ¢ =0, the RHS

t
of the equation equals 0. Hence, by continuity, the RHS must intersect the 45°
line once for an interior e}¥*. m
Having shown that there always exists a unique symmetric Nash equilibrium,

let us now compare the optimal levels of animals prevailing, respectively, at the

13



Nash equilibrium and at the Kantian equilibrium, i.e., el and eX. As shown in
the following corollary, the level of animals prevailing at the Kantian equilibrium
is inferior to the one prevailing at the symmetric Nash equilibrium. Moreover,
it can be shown that the Kantian equilibrium is Pareto-efficient.

Corollary 1 e Given the concavity of G (eiv), we have:
efr < N

e Note that the Kantian equilibrium is Pareto-efficient.

Proof. Clearly, e£* maximizes social welfare when ¢ =1. m

That corollary illustrates the welfare consequences of the Tragedy of (unreg-
ulated) Commons. At the decentralized equilibrium where all agents choose the
number of animals maximizing their own interests, there exists an overuse of
animals, leading to an excessive use of land, which implies a welfare loss for each
shepherd in comparison with what would prevail at the Kantian equilibrium.

2.4.3 ¢ equilibrium with Pure Kantians

Having compared symmetric equilibria in economies that are homogenous in
composition, let us now characterize symmetric equilibria when some individuals
behave like Nash players, whereas other individuals are Kantians. For that
purpose, we will proceed in two stages, and consider first the Pure Kantians.

Definition 3 A symmetric q equilibrium with Pure Kantians (imperfect infor-
mation) is a distribution of animal numbers where a proportion q; of producers
has et = e* and a proportion 1 — q; of producers has e} = eN* such that:

1
1+o

Kx _ (G" (ef") =)

Qt€5*+(17Qt)€£]*
(e
" Glqref*+(1—qi)e} ") .
i aref +(1—qe)e)”

Proposition 3 examines the existence and uniqueness of a symmetric ¢ equi-
librium with Pure Kantians.

1
(G(qtef(“r(lqt)eﬁv*) B c) te

Proposition 3 In an economy with 0 < q < 1, there exists a unique symmetric
q equilibrium with Pure Kantians.

14



Proof. There exists a unique symmetric ¢ equilibrium if and only if the following
equation admits a unique solution:

1
N . l1—07 ifes
<G(qtef< +(1—q)el*) _C>

qref " +(1—qe)el ™

(4

Nx* __

G((Itef(*+(17qt)eiv*)
qtef*Jr(lfqt)eiV*
Note that the level of animals chosen by Pure Kantians, ef*, does not vary
with . Hence the derivative of the RHS wrt to el *:

—c>0.

Note that interiority requires:

* l1-0o ﬁ_l * —0 N (1_ 0 Y *
(G(Et) _ C) + (1 _ 0_) (G(E*t) _ C) ¢ qt)[G (B (E])-G(E] )]

1 2 2 (B;)?

1+o0 P (0

where Ef = qief* + (1 — q;)elN*.

Given the interiority condition the first factor and the second factors are
positive. Given the concavity of G (ei\’ ), the last factor is negative. Hence the
(qeef " +(1—qi)e) ™)
aref " +(1—qr)e) "
the RHS of the equation equals 0. Hence, by continuity, the RHS must intersect
the 45° line once for an interior e}¥*. m

Thus there exists necessarily a unique symmetric ¢ equilibrium in an econ-
omy composed of a proportion ¢ of Pure Kantians and a fraction 1 — ¢ of Nash
players. The following corollary compares the behaviors of Kantians and Nash
players with what prevailed, respectively, at the Kantian equilibrium and at the
Nash equilibrium.

RHS of the equation is decreasing. Note that when “ —c=0,

Corollary 2 e The number of animals chosen by Pure Kantian agents is
the same at the Kantian equilibrium and at the q equilibrium.

o The number of animals chosen by Nash agents at the q equilibrium is
strictly larger than at the Nash equilibrium.

Proof. The first part of the proof follows from the definition of Pure Kantians,
whose optimal behavior is independent from g.
N

Second part: we want to show that el¥ "‘|q:0 < e Let us prove this

q>0"
by reductio ad absurdum. Suppose, by absurdum, that

|q:0 Z eiv*

€t q>0

N N0 N N
In the rest, we denote e; |q:0 by e;'*¥ and e; ’q>0 by e;'*.
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Let us substitute for eV? and eN* using the FOCs:

1 1
1—07 T¥o . * l—0" T¥o
(G(Qtef{*‘i’(lqt)ei\,*o) _ C) (G(qtei\] +(1—qr)e; ) _C)
>

qref*+(1—qp)elN*0 qrel*+(1—q)el*

(4 - (4
Given that G(EE) is decreasing, with eN*0 > eN* and eN* > ef*, then we
have:

1

1
l—07 T+ N * l—0 T+7
<G(qtef<*+(1—qt)ef\7*0) —C) te (G(qtei\] +(1—qe)ep ) —C)

gref +(1—g¢)el 0 grel*+(1—ge)el*
<

(4 (G

a contradiction is reached. Hence we have:

N =0 N
e, < e

]

Thus Pure Kantians behave exactly in the same way in an economy composed
only of Pure Kantians, or in an economy where Pure Kantians coexist with a
fraction 1 — g of Nash players. Note, however, that this does not imply that
they enjoy the same welfare level: since Nash players purchase more animals
than Pure Kantians, this pushes the return on animals down for Pure Kantians,
who thus enjoy a lower welfare level in comparison to what they enjoyed at the
Kantian equilibrium.

Regarding Nash players, these tend, at the ¢ equilibrium, to purchase more
animals than at the Nash equilibrium. The reason is that Nash players’ reaction
curves are decreasing in the number of animals purchased by others. Hence, in
presence of a proportion ¢ of Pure Kantians, who tend to purchase fewer animals,
Nash players react by purchasing more animals.

2.4.4 q equilibrium with Impure Kantians

Let us now consider an economy composed of both Nash players and Impure
Kantians. This leads us to the definition of a symmetric ¢ equilibrium with
Impure Kantians.

Definition 4 A symmetric q equilibrium with Impure Kantians (perfect infor-
mation) is a distribution of animal numbers where a proportion q; of producers
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has et = e** and a proportion 1 — q; of producers has ei = eN**, such that:

1
- K ok ok ire
€t qt G/ Ex*) — G(E; )] G(E™) _ 1+o
¥ wox o &
eK** _ E} [ ( t ) E; + Ef
t G(Er™) a
(G = —c
i B
- 1
G(E[™) _ e Ito
N *x _ Er~
61‘, - % o
p(CE) .
LY\ B

where Ef* = qef + (1 — g )elN**.

In comparison to the ¢ equilibrium with Pure Kantians, a major difference
lies in the fact that the level of animals purchased by Impure Kantians does
depend on the behavior of Nash players, unlike what prevailed at the ¢ equi-
librium with Pure Kantians. This additional reaction complicates the study of
the existence of a ¢ equilibrium. Proposition 4 identifies a sufficient condition
for the existence of a ¢ equilibrium in the presence of Impure Kantians.

Proposition 4 e In an economy with 0 < q¢ < 1, a sufficient condition for
the existence of a symmetric q equilibrium with Impure Kantians is:
k% 17 *kk
Et G (‘% E?** >JV€{{** Sei\f**
el (Ezk*) _ (E*t* )
t

e In an economy with 0 < q < 1 and quasi-linear preferences (o = 0), the
symmetric q equilibrium with Impure Kantians necessarily exists and is
unique.

Proof. See the Appendix. =
In order to have an idea of the strength of that condition, let us take, here
again, the case of the Cobb-Douglas production function. The condition then
becomes:
a>o

In the case of quasi-linear preferences (o = 0), that condition is trivially
satisfied. Thus, under a Cobb-Douglas production function and quasi-linear
preferences, we know for sure that there must exist a symmetric ¢ equilibrium
with Impure Kantians.

2.5 Socialization

Up to now, we considered only the behavior of shepherds concerning the pur-
chase of animals and the production of output. However, in our economy, shep-
herds have another activity, which consists in socializing their children. Assum-
ing that the utility functions are additive in the utility of economic activity and
in the utility of socialization, those two activities can be treated separately.
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We assume that socialization takes place according to a socialization process
a la Bisin and Verdier (2001) where vertical and oblique socializations interact.
Children are born without type. Each parent has one child. Parents can invest
in a purely physical socialization effort 7; € [0, 1].

The disutility of socialization is given by:

(20)

The socialization takes place in two stages. First, the child is subject to the
vertical socialization process through his parent. With a probability 7/, a child
of a parent of type i will take directly the trait of his parent. With a probability
1 — 7{, the direct vertical socialization does not take place, and the child takes
the trait of an adult drawn randomly in the cohort of his parent (i.e. the role
model). N

Let us denote by P,? the probability that a child of a parent of type i €
{K, N} takes type j € {K, N}. We have:

PtKK = TtK + (1 - TtK) qt
PEY = (1-7)(1—q)
PtNK = (1 — TtN) qt

PtNN = TtN+(1_TtJV)(1_Qt)

The gains from socialization are due to parental imperfect empathy.

For the parent of type i € {K, N}, let us define V¥ which is the gain to
have a child of type j:

For an economy with Pure Kantians, we have:

PR (< (e{‘*i = 265*)10 W (e;K*)2 (21)
oev (G (eiv*z - Zeiv*)la v (eév*)2 (22)
vk (%gG(Ef)—Ucef(*) -’ - w(e;K*)2 (23)
o (%;G(Ef)—aceiv*) . ¢ (eéV*)2 (24)

where Ef = qel* + (1 — q;)elN*.
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For an economy with Impure Kantians, we have:

(ef{**G t@f}(** (1— qt)et . CeK**> )
QzPK**-i-(l qt)eNxx t 6K**
VEE _le) (25)
1—0 2
Nx Nx * 1—0o
( Glqrel " +(1—q)el ceN**> 9
qfeN**+ 1— (It) Nxx t eN**
VEN (e (26)
1—0o 2
( K**G q PK**+(1 qt)eN** B CeK**>1 o .
QteK**‘F(l ‘h) No** t eK**
VNE () (27)
1—0c 2
1—
(ei\]**G’(qfe,K**#»(l q,)ef *) ceN**) 7 9
qie **Jr(l qt)eN** - t eN**
VNN ‘ - AG (28)
l1—0 2

In the present context, imperfect empathy does not consist in parent’s ten-
dency to evaluate outcomes in the light of their own preferences, but, instead, in
parents’s tendency to perfectly anticipate the optimal choices of their children
in the light of their own decision rule (i.e. of the parents themselves). This
explains why V5 includes the term (gief* + (1 — g)e)'*) in Ey: this comes
from the fact that type-K Impure Kantians parents evaluate the outcome of
their child while considering the impact of their child’s decisions on all other
Kantians ("if T were choosing the same level of animals as my child does, which
utility level it would bring me”).

2.5.1 Optimal socialization efforts with Pure Kantians

In the case of pure Kantians and Nash players, the optimal socialization efforts
can be obtained by considering the following problems.

Given the separability of the utility function in the ”consumption compo-
nent” and the "imperfect altruistic component”, a parent of type N chooses 7/¥

such that:

* * l1-0o
N2 (Eiv G(E;) CeN*) Nx
K (T E; t P (e
H:,%’X 77(;) +(TtN+(1*TtN)(1*Qt)) : s - (;
el "G(Ey) _ K*)170 2
1oy | CEEE ) T e
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The FOC is:
N x * . 1-0o
(B e) " gy
1

o L

3 B}) K I

2t ATt ) * 2
EF cey ) 1/1(65(*)

(29)

A parent of type K chooses 75 such that:
K 2 Kx Kx\1—0 K 2
G _
w2 o 1y g [ o) T () ]
G eN* C@N* w BN* 2
+((1=7) (1 - ) Gle 1—ot L - (;)]
The FOC is:
e (=) [(G(ef) —eef)™7 w(ef)” [(G(eN) —eel) " W (el)
K K l-o 2 l-o 2
(30)
The equation describing the dynamics of g; is given by:
‘ (G) )™ o)’ ‘
1—g; —o
i m@%rw%r”_w@”f}
1-0o 2
N * 1—0o
G+1=q + (1 —qr) ( Gf(E = Cef*) P(el*)? (31)
o 2
_ 4 K= N 1-0o
1t ) ( G(E ) —ceX ) - w(ef(*)Q
l—0o 2

2.5.2 Optimal socialization efforts with Impure Kantians

Consider now the situation where Nash players coexist with Impure Kantians.
Socialization efforts are now given as follows.

Nash parents choose a socialization effort 7 such that:
Nosx * ok —0
2 ey TG(E) Nk 2
() (T ed) e
me S ey 0 |
EK*G(E**) _ K**)l_a 2
- e
v -0 2
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The FOC is:

N *x . 1-0o
(4t EC;(*Et )H:ef] ) B 1/)(6?/**)2
l1—0o 2
Nk __ ﬂ JKx ok 1—0o
T = (%f(ft)’cef{**) p(eF)? (32)
o 1—0o o 2
A parent of type K chooses 75 such that:
Koo o l1-0o
2 ey TG(E[T) Kxx 2
KO e [ CTEE el ) e
_ 1— d _
e y =t e) o 2
1—
(65**6‘(‘“6? el N) U (eNer)?
qrel +(1—qr)e) t W (e
1-75a - -t
+((1=7") (1= a)) T 5
The FOC is:
K xx *x 1-0o
<7t EGf*(*E‘ )7065**> B w(ef**)Q
K% (1 - Qt) ei\l**G(ef\lr;‘a) N B ? (33)
T, = ——— 2 _ * %
t K ( eg\r;* cey ) w(ei\u*)z
o 1o - 2
The equation describing the dynamics of g; is given by:
r K xx *x . 1-0 B
(%&Et)fcetk ) w(efﬂ*f
1—0o R B 2
(1—q¢) Nk g o Nk -
- t (%—Ce?’**) w(ei\u*f
- -0 o 2
Q1 =g+ a1 — q) -
Fe(E) N o
B 3 71)(61, **)
@ X e 1—0_ 2
Tk <7ﬂt chi(*Et )fcef(**> w(e{(**)2
- I—0o o 2
(34)

3 Long run dynamics

The previous section aimed at studying the existence and uniqueness of different
kinds of equilibria under a given partition of the population into groups of Nash
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players and Kantian players (either pure or impure). This section studies the
dynamics of heterogeneity.

For that purpose, we will, for the sake of simplification, assume that the
preference parameter o equals 0, that is, that individuals have quasi-linear pref-
erences.

As above, we will consider first the long-run dynamics of an economy with
Nash players and Pure Kantians, and, then, of an economy with Nash players
and Impure Kantians.

3.1 Nash players and Pure Kantians
Under o = 0, the dynamics of ¢, is given by:

[ Kx Kx Y(e ]
gy | OL6R) et T
" — |G (e]*) — cel* w(e; ) }
i =P =actali=n) | g e
qt 2 T T 2
T | e ke w(ef‘*)"l
E; t 2

(35)

Let us study the existence, the uniqueness and the stability of a stationary
equilibrium. As stated in Proposition 5, there exist, in that economy, at least
three stationary equilibria. Two of those stationary equilibria exhibit a homo-
geneous population, composed either of Pure Kantians only, or of Nash players
only. In addition, there exists at least one intermediate stationary equilibrium,
i.e. with a population composed of both Pure Kantians and Nash players.

Proposition 5 Consider an economy composed of Pure Kantians and Nash
players. There exists at least three stationary equilibria:

¢ =0
0 < ¢g'<1
¢ =1

Proof. See the Appendix. m

Whereas Proposition 5 only casts some light on the existence of some station-
ary equilibria with heterogeneous populations, Proposition 6 proposes a condi-
tion that is necessary and sufficient for the uniqueness of a stationary equilibria
with heterogeneous populations.

Proposition 6 A necessary and sufficient condition for the uniqueness of the
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intermediate stationary equilibrium 0 < ¢* < 1 4s:

{‘1] [G (e5%) — cek* 1/’(621()2 - [a (M) — e WB;V)QH

Kq*

1 7q* deN*
R

e @) = e @)

" G(E")
2 G'(E") — =
E*

oo

,gdeN* ( Nx* 6K*) (1 7q*)G/ (E*) G(EE* )
Kk dq E*
+
<0

for all ¢*. When the intermediate equilibrium is not unique, there exists an odd
number of intermediate stationary equilibria.

Proof. See the Appendix. =

The condition stated in Proposition 6 is based on the following intuition. We
know that a necessary and sufficient condition for the uniqueness of an interme-
diate stationary equilibrium is that the derivative of the term in brackets in the
dynamic equation for ¢; (which is equal to the differential in socialization efforts
7/ —7/N) is strictly negative at any intermediate stationary equilibrium.® Using
that intuition, and computing the derivative of that term at the intermediate
stationary equilibrium, we can decompose the impact of a variation in ¢; on the
differential in socialization efforts 7/ — 7}V into four terms, which are presented
on the LHS of the condition in Proposition 6.

The first term, which is negative, captures the effect of cultural substitution
on the socialization effort of both players. A rise in ¢ reduces the socialization
efforts of Pure Kantian parents and it raises the socialization efforts of Nash
parents. The second term, which is positive, captures the impact of a variation
of ¢ on the relative utility gain to have a Pure Kantian child for Pure Kantians
AVE = VKK _ KN The third and fourth terms capture the impact of ¢ on
the relative utility gain of having a Nash child for Nash parents, i.e. AVN =
VNN _ yVNK  The third term captures the effect, on AVY, of a rise in ¢ for a
given number of animals purchased by Nash players (e¥* being given). Nash
parents gain more than Pure Kantian parents when ¢ is raised for a given e™*

3

SNecessity: if the slope of the transition function at an intermediate stationary equilibrium
were positive, then we would be sure that there would exist other intermediate stationary
equilibria. Sufficiency: if the slope of the transition function at any intermediate equilibrium
was a negative, then clearly that intermediate equilibrium must be unique.
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so that we have AVY > 0.7 As a consequence, the third effect is of negative
sign. On the contrary, the fourth term is positive. It captures the effect of
adjusting eM* on AVY. When Nash players increase the number of animals,
both Pure Kantians and Nash players have a decrease in utility, but the latter
lose more, implying AVY < 0.8

When interpreting that condition for uniqueness, it is important to stress
the crucial role played by the derivative dedN* , which reflects the extent to which
Nash players adapt the number of animals purchased to the proportion of Pure

Kantians in the population. That derivative is equal to:

G,(E*)fc(;*)

deN* B _ [BN* _ €K*] T
dg N >0
1= (1= ¢ )=

That derivative is positive, since a rise in the proportion of Kantians in the
population induces Nash players to purchase more animals (because Kantians
purchase fewer animals than Nash players, so that a rise in ¢ raises the return on

animals for Nash players). The two positive terms on the RHS of the condition

depend, unlike the negative terms, on the level of dfg*. The uniqueness of

an intermediate stationary equilibrium (i.e. with heterogeneous population) is

more likely to arise when the reactivity of Nash shepherds is low. However,

when df;;* is large, the multiplicity of intermediate equilibria can arise. In

other words, a large reactivity of Nash players can generate a bifurcation.’

Finally, let us examine the stability of the stationary equilibria. Proposi-
tion 7 states that homogeneous stationary equilibria are unstable, and states
the necessary and sufficient condition for the (local) stability of intermediate
equilibria. Note that, when the intermediate stationary equilibrium is unique,
it must necessarily be locally stable.

Proposition 7 Consider an economy composed of Pure Kantians and Nash
players.

o Stationary equilibria ¢* = 0 and ¢* = 1 are unstable.

e A necessary and sufficient condition for the local stability of an interme-

“Indeed, a higher proportion of Pure Kantians implies more space per animal for all, but
as Nash players have more animals, this is more beneficial for them.

8The reason is that the rise in eV* reduces the availability of space, and thus reduces the
return on each animal. But as Nash players have more animals than Pure Kantians, they
suffer from a larger utility loss.

9From that perspective, a key parameter is the elasticity of output to the number of
animals.
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diate stationary equilibrium 0 < ¢* < 1 is:

_ =] [G (eK¥) — ceKe —

+(1—Kq*) [ deN* [G’( )_C_ (e *
14+ ¢*(1—q") - [_ [eN* ]QG(E) G(E )]
7%%;;’* {(eN* )(1 —q) E* }

o When the intermediate stationary equilibrium is unique, this is also locally
stable. Given the continuity of F (q¢), the unique intermediate equilibrium
is then also globally stable on [0,1].

o When the intermediate stationary equilibrium is not unique, we necessarily
have an odd number of intermediate equilibria. Those for which the above
condition is satisfied are locally stable, and the others are unstable.

Proof. See the Appendix. =

In sum, this section shows that, provided the reactivity of Nash players d‘;:*
is sufficiently small, so that the intermediate stationary equilibrium is unique,
we know that any economy starting with some proportion of Pure Kantians will
still exhibit, in the long-run, a constant positive proportion of Pure Kantians.
On the contrary, when the reactivity of Nash players is large, so that there exists
a multiplicity of intermediate equilibria, stability may not prevail.

3.2 Nash players and Impure Kantians

Assuming, here again, quasi-linear preferences, the equation for the dynamics
of g; is now:

— GtK**G(E:*) _ ceK** B w(ef(**)Q
(1-a:) B ¢ E
I Nx*G N % N x %
; —[z\z(**)—ceiv**—d)(etz)}
a1 = H (@) = ata(l-a) NGB N ()
a TTE %% T T
TR F*G(E:*) oK w(ef“*f}
Er* t 2

(36)
Let us first study the existence of a stationary equilibrium.
Obviously, ¢ = 0 and ¢ = 1 are stationary equilibria. Proposition 8 summa-
rizes our results for existence.

Proposition 8 Consider an economy composed of Impure Kantians and Nash
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players. There exists at least three stationary equilibria:

*k

q
0

k%

q

0

*k

<1
1

Proof. See the Appendix. =

Whereas Proposition 8 states that a heterogeneous stationary equilibrium
exists, it does not guarantee that this is unique. Proposition 9 provides a con-
dition that is necessary and sufficient for the uniqueness of the intermediate
equilibrium.?

Proposition 9 A necessary and sufficient condition for the uniqueness of the
intermediate stationary equilibrium 0 < ¢** <1 is:

r Kxx Kok B
K**_ N % € /! ok _G(E )
(ke =) o (e ) - S
+
(1-q") o ey CE)
e (1 =a") o (G (ET) - —5
4G v
o [G/ (GN**) 767¢6N**]
L 4 J
_ [eK** _ eN**]2 (G/ (E**) _ G(E“E*‘* ))

+
Kok deN** Kok Nk *k 1 (o G(E**)
o | e ey - (e - SR
KR
N xx 7**
def** wx € ! *ok G(E )
+ dq |:q ) Did (G (E )_W

< 0

for all ¢**. When the intermediate equilibrium is not unique, there exists an odd
number of intermediate stationary equilibria.

Proof. See the Appendix. =

ol

10 ape . . d[‘f‘K -7
That condition states that the derivative th
stationary equilibrium.

is strictly negative at any intermediate
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In comparison with the condition for uniqueness of the intermediate equi-
librium in the case of Pure Kantians, the condition stated in Proposition 9 is
more complex, since it involves the reactions of Impure Kantians in terms of
animal purchase, i.e. di;** On the contrary, in the case of Pure Kantians,
there was not such a reaction, since Pure Kantians are always purchasing the
same number of animals, independently from the composition and behavior of
the rest of the population. This is clearly not the case for Impure Kantians.

Let us now interpret the condition given in Proposition 9. The first term on
the RHS of the condition in Proposition 9, which is negative, captures the effect
of cultural substitution. A rise in g reduces the socialization efforts of Impure
Kantian parents, since those parents rely more on oblique socialization (i.e. the
role models) when they are more numerous in the population. On the contrary,
a rise in ¢ raises the socialization efforts of Nash parents, who can rely less on
oblique socialization.

The first term of the first bracket is positive: it is the effect of a change in
q on the utility for an Impure Kantian parent to have an Impure Kantian child
for a given number of animals for type N. The second term in the first bracket
is the effect, for a given ¢, of a change in the number of animals purchased by
Nash players on the utility for an Impure Kantian parent to have an Impure
Kantian child.

Let us now interpret the second bracket. The first term in the second bracket
is the impact, for a given number of animals for both types, of a change in ¢
on the utility for a Nash parent to have a Nash child. The second term in the
second bracket is the impact, for a given ¢, of a change in the number of animals
purchased by Nash players on the utility for a Nash parent to have a Nash child.
The third term in the second brackets is the impact, for a given ¢, of a change in
the number of animals purchased by Impure Kantians on the utility for a Nash
parent to have a Nash child.

Proposition 10 summarizes our results regarding the stability of the three
equilibria.

Proposition 10 Consider an economy composed of Impure Kantians and Nash
players.

o The stationary equilibrium ¢** = 0 is non hyperbolic and is unstable.
o The stationary equilibrium ¢** = 1 is hyperbolic and s unstable.

o A necessary and sufficient condition for the local stability of an interme-

diate stationary equilibrium 0 < ¢** < 1 is that
d TK** _ TN**
dfr™ -] <0
dgy

holds at the intermediate stationary equilibrium.

o When the intermediate stationary equilibrium is unique, this is also locally
stable. Given the continuity of H (q¢), the unique intermediate equilibrium
is then also globally stable on [0,1].
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o When the intermediate stationary equilibrium is not unique, we necessarily
have an odd number of intermediate equilibria. Those for which the above
condition is satisfied are locally stable, and the others are unstable.

Proof. See the Appendix. =

Proposition 10 shows that homogeneous stationary equilibria are not stable.
Thus, starting from an economy composed of both Nash players and Impure
Kantians, it is not possible that only one type of rationality survives in the long-
run. In other terms, it is necessarily the case that both types of rationality will
survive in the long-run. Proposition 10 also states that, when the intermediate
stationary equilibrium is unique (which is not always guaranteed), it is also
locally stable. Thus in the case of uniqueness of the intermediate equilibrium,
proportions of the two types of players will stabilize in the long-run.

In comparison with the economy composed of Nash players and Pure Kan-
tians, the main difference lies in the fact, mentioned above, that the uniqueness
condition for the intermediate equilibrium is more complex, since it includes
additional terms depending on the reaction of Impure Kantians to changes in
the composition of the population , i.e. de;** , something which was absent in
the case of Pure Kantians.

4 Policy (1): quotas

Up to now, we considered an economy at the laissez-faire, without public inter-
vention. However, it is well known that the laissez-faire situation gives rise, in
the present context, to a socially suboptimal result: the Tragedy of the Com-
mons. In our context, the laissez-faire is characterized by a paradox: shepherds
are buying, on average, too many animals, and the total product, in terms of
wool, is too low, due to the congestion on land which reduces output per animal.
Let us now consider the impact of public policy on social outcomes. A
first candidate for policy in the context of the Tragedy of the Commons is the
imposition of a quota on the number of animals. We now suppose that the
government fixes a quota equal to €, which satisfies the following constraints:

ef* <e < lim eN* (37)
qt—0

The lower bound of the quota, e*, coincides with the social optimum. Because
of political constraints, it is likely that the quota will exceed that level. The
second part of the inequality requires that Nash players are always strictly
constrained by the quota. Indeed, we know that el'* is increasing in g;, so that
it takes its minimal value when there are no Kantian players.

Let us now consider the impact of imposing the quota € on social outcomes.
For that purpose, we now suppose that ¢ = 0. Furthermore, we will also impose
the following cost of shepherd effort:

2, i\3/2
¢§ (et) (38)
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Moreover, we will now suppose that the production function F (e};, si) has
the following Cobb-Douglas form:

yi = A(el)? sy (39)

where s! = g—i is the amount of land used by the producer i. Hence, the total
product per shepherd becomes:

i
i_ &

_ g2 - g 4
yt Et t EtG( t) ( O)

Thus this modeling is a special case of the one in the previous section, where
G (E,) = AE}*.

4.1 Pure Kantians vs Nash players

Does the imposition of the quota € on the number of sheep per shepherd con-
tribute to reduce the total number of animals, and, hence, allow the society to
reach a Pareto improvement? Proposition 11 shows that this is not necessarily
the case. It may indeed be the case, under some conditions, that introducing a
quota makes the Tragedy of the Commons even worse than at the laissez-faire.

Proposition 11 Let us consider an economy with a quota € € [eK*7eN* [

o There exists some intervals for € such that:

q? < "

e There exists some intervals for € such that:
EQ > B

Proof. See in the Appendix. ®

Proposition 11 is quite counterintuitive. One would expect that the intro-
duction of a quota would necessarily reduce the extent of land congestion. The
intuition behind Proposition 11 goes as follows. True, in the case where the
partition of the population into Nash players and Pure Kantian players were
constant, imposing a quota would, by reducing the number of sheep of Nash
players, reduce the total number of animals with respect to the laissez-faire,
and, hence, decrease the extent of land congestion.

However, we consider here an economy where the partition of the population
into the two types of shepherds is varying over time. Proposition 11 states that
a high quota increases the proportion of Nash players. The rational goes as
follows. The quota affects socialization gains of each type of parents. On the
one hand, it reduces the gain to have a Pure Kantian child for Pure Kantian
parents by decreasing the loss to have a child who plays Nash (as the latter will
be closer to the optimum for Pure Kantians). One the other hand, when it is
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high, the quota always increases the gain to have a Nash child for Nash parents.
Indeed, for a given ¢, the quotas reduces the total number of animals which
benefits to each type of children by increasing the gain per animal purchased.
However, since Nash children have more animals, they benefit more from this
rise.

Furthermore, Proposition 11 states that some level of quota increases the
total number of animals purchased. The quota has two opposite effects. First
it reduces the total number of animals purchased by reducing the number of
animals purchased by Pure Kantians. This is the standard intensive margin
effect. Second, the quota has also an effect on the proportions of the two types
of agents, that is, an extensive margin effect. Actually, the quota increases the
total number of animals purchased by increasing the proportion of Nash players.
When the quota is high the second effect outweighs the first one. The increase
in the proportion of Nash players is large when the quota has a high negative
impact on socialization gains for Pure Kantian parents. The increase in the
proportion of Nash players is low when the cultural substitution effect is large.
Indeed, through this effect, any increase in the proportion of Nash players tends
to reduce the future proportion of this type of agents. Due to the concavity of
utility functions, the cultural substitution effect is low compared to the change
in socialization gain so that the increase in the proportion of Nash players is
substantial. Hence, the total number of animals purchased increases.

Let us illustrate this proposition by a simple numerical example. For that
purpose, Figure 1 shows the total number of animals (y axis) as a function of
the prevailing quota € (z axis). It is straighforward to see that the relationship
between the total number of animals and the quota is not monotonous. The
extreme point on the right of the figure is the total number of animals when the
quota is not constraining for Nash players. Then, when we move progressively
to the left (and consider thus lower values for the quota €), the quota becomes
constraining for Nash players. But the total number of animals associated with
the quota is increasing with the quota €, up to € = 0.31. When we consider even
more restrictive quotas, then the total number of animals falls. The extreme
point on the left coincides with the social optimum, where Nash players purchase
the same number of animals as Pure Kantians.

Actually, if the government wants to reduce the total number of animals
by imposing a quota, Figure 1 shows that quotas that restrict the number of
animals purchased by Nash players by less than 12 % contributes not to reduce,
but to raise the total number of animals with respect to the laissez-faire. In
other words, imposing quotas that are not strong enough worsens the Tragedy
of the Commons.

4.2 Impure Kantians vs Nash players

Let us now consider the introduction of a quota on the number of animals in the
case of an economy composed Nash players and Impure Kantians. The problem
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Figure 1: Total number of animals as a function of the quota (A =1/2, ¢ = 12,
k=1/2).
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Two cases can arise, depending on whether ef** > é.

When ef** > g, it is necessarily the case that the introduction of a quota
reduces the amount of animals. Indeed, we have:

qLFeK** + (1 _ qLF)eN** > (]Qé+ (1 —qQ)é: é

since both eX** > & and eV** > &.
Let us now focus on the second case, where e®** < é.
[GK*7 BN** [

Proposition 12 Consider an economy with a quota € € . Suppose

that eN** > Gef**

o We have:

qQ < qLF

e There exists some intervals for € such that:

EC > ELF

Proof. See in the Appendix. =

Again for the case of Impure Kantians, a quota may have a counter-intuitive
effect by increasing the total number of animals purchased. As opposed to the
case of Pure Kantians, this is not true for all parameters combination. The
rational is as follows. Unlike Pure Kantians, Impure Kantians react to the
introduction of a quota by increasing the number of animals. This reaction
has two opposite effects. First, it directly increases the total number of animal
purchased. However, it also indirectly affects the total number of animal by
impacting socialization gains (and thus the proportion of Nash players). In
particular, it reduces the gain for Nash parents to have Nash children (letting
socialization gains for Impure Kantian parents unchanged). This second effect
negatively affects the total number of animal by rising the proportion of Impure
Kantians in the economy. When eV** > 6e** implying that the socialization
effort of Nash parents is high, then the first effect dominates and the overall
impact of the quota is an increase in the total number of animals.

Let us illustrate this counterintuitive case numerically. For that purpose,
Figure 2 shows, as the previous figure, the total number of animals as a function
of the quota € . Here again, the relationship between the total number of animals
and the quota is not monotonous. The extreme point on the right is the total
number of animals when the quota is not constraining at all, neither for Impure
Kantians, nor for Nash players. Then, when we consider thus lower values
for the quota, the quota becomes constraining for Nash players (and not for
Impure Kantians). But the total number of animals associated with the quota
is increasing with the quota €, up to € = 0.24. When we consider even more
restrictive quotas, then the total number of animals falls. The extreme point
on the left coincides with the case where € is so low that both Nash players and
Impure Kantians are constrained by the quota.
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Figure 2: Total number of animals as a function of the quota (A =1/2, ¢ = 12,
k=1/2).

This figure shows that, from a qualitative perspective, the main result ob-
tained when considering Pure Kantians also hold when considering Impure Kan-
tians: in both cases, a soft quota contributes to raise the total number of an-
imals. Note, however, that, from a quantitative perspective, some important
differences arise.

5 Policy (2): Pigouvian tax

When facing the Tragedy of the Commons, another standard policy tool consists
in introducing a Pigouvian tax on the number of animals. The underlying
intuition goes as follows. In our economy, Nash players (and, to some extent,
Impure Kantians) do not, when choosing the number of animals, internalize
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the impact of the number of animals on the society. The negative production
externality takes the following form: a higher number of animals tends, by
reducing the available space for other animals, to reduce the marginal product
of all other animals in the society.

In order to make producers internalize the social consequences of their deci-
sions, a government can introduce a Pigouvian tax on animals. If one denotes
such a tax by T, the price of each animals then increases from ¢ to ¢(1+4 T).
The introduction of such a tax has two effects on the total number of animals:
one in terms of intensive margins and one in terms of extensive margins.

Regarding the intensive margin effect, one expects that, by increasing the
price of animals, the tax is likely, by a substitution effect, to reduce the number
of animals purchased by each shepherd, and, hence, to reduce the total number
of animals, to make it closer to the social optimum level. But the intensive
margin effect is here made ambiguous by the fact that, as Kantians reduce their
number of animals, Nash players react by increasing their number of animals.
Thus the impact of the tax on intensive margins is here more complex than
in the case of a quota (where Pure Kantians were not affected at all, but well
Impure Kantians).

This ambiguous intensive margin effect may be counterbalanced by another
effect, in extensive margins: the tax, by modifying the achieved utility levels
by the two types of agents, may modify the composition of the population. It
may be the case that the tax, by affecting the incentives to socialize children in
different ways across types, raises the proportion of Nash players. This extensive
margin effect also affects the influence of the tax at the aggregate level.

5.1 Pure Kantians vs Nash players

In the case of Pure Kantians, given that £ = q(T)ef*(T) + (1 — ¢(T))eN*(T),
the effect of the tax on the total number animals is:

9T 8?6 (T) + CI(T)T 877'6 (T)+ (1 Q(T))T
This can be rewritten as:
OE  0q | k. N 0eX(T) 0eN*(T)
9T oT [6 (T)—e (T)} +Q(T)87—I—+(1—Q(T))87—I—
extensive margin effect intensive margin effect

We know that e®*(T) < eN*(T), but since the sign of g—% is unknown, the
extensive margin effect is ambiguous. Regarding the intensive margin effect,
an important difference with respect to the case of the quota is that, in the
case of the tax, both types of agents are affected by the policy intervention.!!
The impact on the number of animals for Pure Kantians is unambiguous: Pure

LLOf course, in a first-best setting, the government would observe the types of agents, and
would only tax those who generates negative externalities (i.e. Nash players).
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Kantians will, as a consequence of the tax, reduce the number of animals they
purchase. We thus have % < 0.

Concerning the impact of the tax on the number of animals purchased by
Nash players, two opposite effects are at work. First, the rise in the price of
animals is likely to make Nash players reduce their number of animals. But at
the same time, the fall in the number of animals purchased by Pure Kantians

pushes Nash players to purchase more animals. Actually, the two effects on
2N (T)
oT

can be presented as follows:

9eN*(T) 9eN*(T)

_ . 0eN*(T) 0el*(T)

aT T eX*constant w\il—_/
+

The impact of the tax on the number of animals purchased by Nash players
is negative when the first, direct effect dominates the second, indirect effect
(reaction effect). On the contrary, when the reaction effect dominates, Nash
players purchase more animals under the tax. Numerically, it can be shown
that, when g is close to 1, it is possible that the second effect dominates the first
one, implying that Nash shepherds purchase more animals under the tax than
without the tax.'? However, for lower values of ¢, the direct effect generally
dominates the indirect effect, so that % < 0. Thus in general the reaction
effect is a second-order effect, which is dominated by the direct effect of the tax.
As a consequence, we obtain in that case that the overall intensive margin effect
of the tax on the total number of animals is negative. However, given that the
impact of the tax on the partition of the population is unknown, the extensive
margin effect is not clear. One can hardly know, in theory, what is the total
effect of the tax on the number of animals.

The rest of this section examines numerically the impact of introducing
a Pigouvian tax on animals on the degree of severity of the Tragedy of the
Commons. Given political constraints (lobbying groups, media), policy-makers
are constrained in the extent to which thay can impose high taxes. Hence, it
makes sense to examine the impact, in a third-best world, of small taxes on the
extent of the Tragedy of the Commons. This is the task carried out in Table 1
for different values of the ratio of parameters A (productivity of animals) and
¥ (disutility of the number of animals). To make the link with the previous
section, Table 1 also compares the effects of the tax with the impact of quotas
of limited sizes.'3

12Note, however, that, since ¢ = 1 is not a stable stationnary equilibrium, one should not
pay too much attention to that extreme case.
13Table 1 is based on k = 0.5 and ¢ = 0.5.
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E
A/Yp | LF quotas tax
-10% wrt LF -20% wrt LF -50% wrt LF | 10% 20% 30%
0.100 | 0.054 0.059 0.060 0.054 0.052 0.050 0.046
0.125 | 0.065 0.070 0.072 0.068 0.063 0.060 0.054
0.250 | 0.112 0.121 0.123 0.118 0.106 0.100 0.090

Table 1: Effects of the quota and the tax on total number of animals (Pure
Kantians vs Nash).

Table 1 invites several comments. First, Table 1 shows that, when the ratio
A/v goes up, the total number of animals purchased increases in all cases. This
result is expected: a higher productivity per animal (i.e. a higher A) and a lower
disutility of caring for animals (i.e. a lower v¢) pushes all individuals, whatever
their type, to purchase more animals, implying a rise in F.

Second, Table 1 also confirms the findings of the previous section: quotas
with a limited constraining power do not decrease, but increase the total number
of animals purchased. Thus quotas can, as in the previous section, worsen the
Tragedy of the Commons in comparison to the laissez-faire.

Third, and more importantly, taxes on animals, even of small sizes, tend to
reduce the total number of animals with respect to the laissez-faire. Thus the
overall effect of the tax is here to reduce the number of animals, whatever the
level of the tax. Contrary to the quota, even a small tax can reduce the Tragedy
of the Commons. Thus the tax and the quota have quite different effects in the
context of reducing the Tragedy of the Commons. The underlying intuition is
that the tax affects here the quantity of animals purchased by all individuals,
and not only by Nash players (unlike what prevails under the quota).

In sum, it appears that, to reduce the Tragedy of the Commons in a world
of political constraints, a small tax may perform better than a small quota
(which can make things worse than the laissez-faire), even though in a first-best
world the quota performs better (by targetting only the providers of negative
externalities, i.e. Nash players). Indeed, as the small quota may raise the total
number of animals, this rise is equivalent with what would have been achieved
while subsidizing - instead of taxing - the sheep.

5.2 Impure Kantians vs Nash players

In the case of Impure Kantians, given that E** = ¢(T)ef**(T)+(1—q(T))eN**(T),
the effect of the tax on the total number animals can be written as:

9T 3?6 (T)+ Q(T)T - 677'6 (T)+ (1 - Q(T))T
This can be rewritten as:
3T = a7 [ (T) — e (T)] + CI(T)T +(1 Q(T))T

extensive margin effect
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We have ef**(T) < eN**(T), but the sign of g—% is unknown, so that the
extensive margin effect remains, here again, ambiguous. Regarding the intensive
margin effect, a major difference with respect to the case of Pure Kantians is
that Impure Kantians may or may not reduce their number of animals, since
they react to what Nash players do (unlike Pure Kantians). We have:

0ef(T)  9ef(T) n 0ef** (T) 9eN**(T)
oT B oT eN**constant aeN**(T)J—I_/

?
9eN(T) 9N (T) N eV (T) 9el*(T)
T B oT eK**constant 6€K**(T)JI_,

— ?

?

Hence the global intensive margin effect is even more ambiguous in this case
than in the case of Pure Kantians. Adding to this the - still unknown - extensive
margins effect, we can hardly find some analytical result concerning the impact
of the tax.

Turning to numerical analysis, Table 2 compares the impact of quotas and
taxes on the total number of animals in the case of Impure Kantians.'* Table
2 shows that taxes, even when they are low, can reduce the total number of
animals with respect to the laissez-faire. On the contrary, weak quotas tend to
make things even worse than at the laissez-faire, by implying a rise in the total
number of animals. Only quotas restraining Nash players by 50 % can achieve
a reduction in the total number of animals, whereas a 10 % tax on animals can
achieve such a reduction.

FE
A/’L/) LF quotas tax
-10% wrt LF -20% wrt L~ -50% wrt LF | 10% 20% 30%
0.100 | 0.059 0.059 0.061 0.050 0.058 0.056  0.050
0.125 | 0.071 0.072 0.075 0.068 0.067 0.066 0.060
0.250 | 0.121 0.121 0.125 0.110 0.115 0.109 0.083

Table 2: Effects of the quota and the tax on total number of animals (Impure
Kantians vs Nash).

Although non exhaustive, our numerical simulations reveal that taxes and
quotas are far from equivalent, in the sense that these have quite different capac-
ities to reduce the severity of the Tragedy of the Commons. We know that, in a
first-best world, applying a quota & = e* decentralizes the social optimum, by
internalizing all congestion externalities. Thus in a first-best world the quota

14Table 1 is based on k = 0.5 and ¢ = 0.5.

37



is superior to the tax. However, in a third-best world with strong political
constraints, governments can hardly implement strong quotas (or high taxes),
and in that context, our simulations suggest that the tax perfoms better than
the quota. Whereas weak quotas worsen the Tragedy even more in comparison
to the laissez-faire, Pigouvian taxes can, even with low levels, reduce the total
number of animals. That result is particularly relevant for governments facing
political constraints preventing them from implementing constraining quotas. In
such a third-best world, the tax dominates the quota, by leading to a reduction
of the severity of the Tragedy.

6 Relative fitness of (Im)Pure Kantians

Up to now, we derived separate results for two populations, composed either
of Nash players and Pure Kantians, or of Nash players and Impure Kantians.
One may be curious to know, from an evolutionary perspective, which trait
is the fittest in the context of the Tragedy of the Commons: being a Pure or
an Impure Kantian? Put it differently, the question is to know which type of
Kantians would be the most numerous in the long-run? At first glance, it is
tempting to believe that Impure Kantians are more fit than Pure Kantians,
simply because they are better informed, since they take into account, unlike
Pure Kantians, that a fraction 1 — ¢ of the population plays Nash. But it is not
clear that being more informed implies necessarily to be more fit.

The question of the relative fitness of the two types of Kantian players is
also most relevant for policy purposes. Indeed, suppose that a government can,
at no cost, convert Kantian agents in either Pure or Impure Kantians. The
question is then to know which type of Kantian morality (Pure or Impure) the
government should promote, that is, which type of Kantian morality would lead
to the lowest congestion of land?

6.1 Reaction functions

Let us first come back to the temporary equilibrium, to examine which type of
Kantians derives the highest temporal utility for a given partition g;. For the
sake of simplicity, we focus here on the case of quasi-linear preferences (o = 0)
and assume ¢ = 0. As above, we also suppose a Cobb-Douglas production
function, which implies:

G (Ey) = AES

as well as the disutility from raising animals:
2 i3/2
§¢ (er)

Remind first that the optimal number of animals in the two distinct games
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are given by:

o\ — *1/2
AED* ™ =y (e)" = 0
A Kxa—1 _ Kx 1/2 — Kx — ¢ Qi%
aAe; w(et ) 0 <= ¢ Ao
k3 OX— **12
A —p () = o
xk X — *k skok ) X — **12
AE) ™ 4 (0 — Dgef ™ A (B2 =g (f)? = 0

Let us now compare those two games. To have analytical results, we consider
the case where a = 1/2. The following proposition summarizes our results.

Proposition 13 Suppose G (E;) = AEtl/z, v (ei) = %1/1 (e§)3/2 and suppose a

given qy.

e The comparison of the q equilibrium involving Pure Kantians with the q
equilibrium involving Impure Kantians yields,

when q¢ =0 or ¢ = 1:

Kx* _ Kxx
€ = &

N * _ N **
€t = &

when 0 < g < 1:

€t €t
e > el
e We also have:
ifgg = 0orq =1, then Ef = E}*

if0 < q <1, then Ef < E*

Proof. See the Appendix. =

Proposition 13 states that, under this analytical case, Impure Kantians tend,
for a given partition of the population 0 < ¢; < 1, to purchase more animals
than Pure Kantians, whereas Nash players purchase more animals when they
compete with Pure Kantians than when they compete with Impure Kantians.

Quite interestingly, under an interior gz, the total number of animals is lower
at the ¢ equilibrium with Pure Kantians than at the ¢ equilibrium with Impure
Kantians. The underlying intuition goes as follows. At the equilibrium, the
effect of the higher number of animals purchased by Impure Kantians dominates
the lower number of animals purchased, as a reaction, by Nash players.
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6.2 Socialization and dynamics

The previous subsection shows that, under particular functional forms, the total
number of animals is, for a given partition g;, lower when the economy is com-
posed of Pure Kantians and Nash players than when it is composed of Impure
Kantians and Nash players. Although interesting, that result does not tell us
which Kantian type leads to the smallest aggregate number of animals in the
long-run, since that result relies on a given partition. The dynamics of hetero-
geneity is different when the economy is composed of Pure or Impure Kantians,
so that there is no obvious reason why one should expect that ¢ takes the same
long-run level in the two cases.

Given the large number of effects at work, the analysis of the relative fitness
of the Pure and Impure Kantians has to carried out numerically. For that pur-
pose, Table 3 shows, under the production function G (E;) = AEt1 /% and under
the desutility %w (ei)g/ 2, the proportion of Kantian players at the stationary
equilibrium for different values of the ratio of parameters A/, as well as the
associated total number of animals E.'® To cast light on the relative fitness of
Pure and Impure Kantians, we distinguish between two kinds of games: on the
one hand, Pure Kantians versus Nash players, and, on the other hand, Impure
Kantians versus Nash players.

Parameters | Pure Kantians vs Nash | Impure Kantians vs Nash
0.025 0.14 0.02 0.52 0.02
0.050 0.25 0.05 0.53 0.04
0.100 0.55 0.08 0.58 0.09
0.125 0.62 0.09 0.60 0.11
0.250 0.66 0.19 0.65 0.21
0.500 0.67 0.38 0.66 0.42

Table 3: Relative fitness of Pure and Impure Kantians

Regarding the relative fitness of Pure and Impure Kantians, Table 3 shows
that the two types of Kantian agents exhibit quite different degrees of fitness.
In all parametrizations considered, Impure Kantians represent more than 50 %
of the population, and are thus always more fit than Nash players. This is true
whether there is a large number of animals or not, that is, whether the size of
negative congestion externalities is large or not. Thus, if one reminds that, in
our model, the interior stationary equilibrium ¢ equals Avﬁi‘ﬁvm and depends
on the relative intolerance of Kantian and Nash players, we can conclude that
Impure Kantians are, under all our parametrizations, more intolerant than Nash

15The parameter & is set to 0.5.
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players, independently of the extent of the Tragedy of the Commons.'®

Turning now to Pure Kantians, we can see that their prevalence at the
stationary equilibrium varies much more with the postulated ratio A/v. When
A/ is low, that is, when individuals purchase a small number of animals, the
proportion of Pure Kantians at the stationary equilibrium is low. They are
then clearly dominated, in terms of fitness, by Nash players. However, when
the ratio A/vy increases (implying that both types of agents purchase more
animals), then Pure Kantians become more numerous than Nash players at the
stationary equilibrium. Thus, it is only when the Tragedy of the Commons is
more severe that Pure Kantians become more intolerant than Nash players.

Comparing the fitness of Pure and Impure Kantians, we can thus conclude
that, whereas Impure Kantians are always more intolerant than Nash players,
independently of the extent of the Tragedy of the Commons, and are thus always
dominant in the long-run, this is not true for Pure Kantians, who are more
intolerant than Nash players only when the Tragedy is quite severe. If one now
compares directly the prevalence of the two types of Kantians at the long-run
equilibrium, we see that, for low levels of the ratio A/, Impure Kantians are
more numerous than Pure Kantians, whereas, for higher levels of A/, Pure
Kantians are more numerous than Impure Kantians. Thus the fitness ranking
between Pure and Impure Kantians is not invariant to the parametrizations.

Let us now turn back to the question of the most adequate type of Kantian
in the context of the Tragedy of the Commons. Does one type of Kantian
lead to lower congestion? When considering that question, a first important
thing to stress is that adopting a static perspective may be quite misleading.
True, as we showed in the previous section, the total number of animals is, for
a given partition ¢, lower under Pure Kantians than under Impure Kantians.
However, thinking in terms of a given partition is quite restrictive here, since
the long-run prevalence of Kantians depends strongly on which type of Kantian
is considered, and this definitely affects the size of congestion in the long-run.
As shown in Table 3, under a low ratio A/¢y, Pure Kantians are so few at
the stationary equilibrium that the total number of animals is larger in the
presence of Pure Kantians than under Impure Kantians. Thus the long-run
partition of the population definitely matters to see which type of Kantians is
the most favorable to minoring the Tragedy of the Commons. One cannot make
comparisons for a given partition, since the partition definitely varies with the

16The underlying intuition goes as follows. For Impure Kantians, we know that the case

VKK _yKN § yNN _ yNK

AVE AVN

VNK

is plausible, since we have VKX = , so that the above inequality becomes:

VKK 5 yNN 4 KN

This inequality is plausible, since VE is relatively smaller (since an Impure Kantian then
generalize eV to their group - and thus to the whole society -, so that negative externalities
due to congestion reach their maximum. VX being relatively smaller, we expect the above
inequality to hold, leading to ¢ > 1/2.
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type of Kantians, whose degrees of relative fitness differ.

Note, however, that examining the prevalence of Kantians at the stationary
equilibrium is, although necessary, not sufficient to be able to know which type
of Kantians makes the Tragedy of the Commons less severe. The reason is that
the extent of the Tragedy depends not only on extensive margins (proportions
of Kantians and Nash players), but, also, on intensive margins (how many an-
imals purchased by each individual). Hence focusing only on the proportion of
Kantians may oversimplify the picture. To illustrate this, let us take the case
where A/v equals 0.100. In that case, Impure Kantians are, at the stationary
equilibrium, more numerous than Pure Kantians (0.58 versus 0.55). However,
the total number of animals E is larger when Nash players face Impure Kan-
tians than when Nash players face Pure Kantians. Thus, one should be cautious
before concluding that the presence of the most fit Kantian type leads to the
most favorable environmental outcome. Here again, the aggregate number of
animals depends both on extensive and intensive margins effects.!”

7 Conclusions

Experiments of common pool resource games show that individuals, when facing
the possibility to extract a common resource at the expense of others, do not
extract as much as what rational self-oriented Nash players would extract in
theory. One possible rationalization of those facts consists in assuming that not
all agents have the same rationality.

The goal of this paper was to reexamine the Tragedy of the Commons in a
context where individuals have different rationalities, some being Nash players,
whereas others are Kantian players (Pure or Impure), and where the parti-
tion of the population into those different types of rationalities follows a verti-
cal/oblique socialization process & la Bisin and Verdier (2001). We characterized
various types of temporary equilibria (i.e. for a given partition of the popula-
tion), with either only Nash players, or with only Kantian players, or with both.
Then, when studying the long-run dynamics of heterogeneity, we examined the
issues of existence, uniqueness and stability of stationary equilibria, i.e. equi-
libria with a fixed partition of the population into different types of rationality.

Our main result is that, quite paradoxically, introducing a quota on the
number of sheep per shepherd can, in some conditions, lead to a rise in the extent
of congestion of land, that is, can reinforce the Tragedy of the Commons. The
reason is that such a quota can, in some cases, reduce the proportion of Kantians
in the population. Such an undesirable composition effect (extensive margin)
- which is absent in a static world with a fixed partition of the population -
can overcome the social benefits from forcing Nash players to buy fewer sheep,
and lead to an even more congestioned common land. This paradoxical result

17The fact that Impure Kantians purchase more animals than Pure Kantians, and the fact
that Nash players internalizing the larger proportion of Kantians react by purchasing more
animals, can counterbalance the fact that Impure Kantians are more numerous than Pure
Kantians, and lead in fine to a larger total number of animals.
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suggests that policy makers, when facing a Tragedy of the Commons, should
be extremely cautious before imposing weak quotas, because in some cases the
cure could make the disease even more severe.

We also compared the impact of a quota on animals with the one of a tax on
animals, and we showed numerically that, although weak quotas can, because
of an extensive margin effect, worsen the Tragedy of the Commons, even a low
tax on animals can reduce the congestion of land. Hence, in a third-best world
where governments face difficulties in imposing strong quotas/taxes, the tax
dominates the quota, by allowing for a reduction of land congestion.

Finally, and still on the policy side, we studied whether a government should,
in the context of the Tragedy of the Commons, promote either Pure or Impure
Kantian morality, by examining the relative fitness of Pure and Impure Kantian
players with respect to Nash players. Here again, thinking for a given partition
is misleading. Whereas, for a given partition, the extent of land congestion is
lower under Pure Kantians than under Impure Kantians, the opposite may be
true once we allow for a varying partition of the population.

All in all, the main contribution of this paper is to show that, in order to
deal with the Tragedy of the Commons, governments should, when designing a
policy intervention, study the consequences while taking into account its effect
on the dynamics of heterogeneity. Ignoring the dynamics of heterogeneity may
lead governments to implement policies that make the Tragedy even worse than
at the laissez-faire, even though such policies would have worked well for a given
partition of the population.
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9 Appendix

9.1 Proof of Proposition 4
9.1.1 Existence
Note first that:

(’K* / ok G(E™) G(E;™
ey - G ”Zf) e T
CTRn G R
(e
(ei\hm)l+ _ E

o (2 0y

Hence, from the comparison of those two conditions, and given that the first
part of the first equation is negative, we see that ef<** < elN**.

We know that, from the proof of existence of a g equilibrium, there exists a
unique eN** for each e/** such that:

1
(G o) 17
Nk _ B
et - w(G(E:*) _C)U
Er*

Kok Nxx

Note that elN** is strictly decreasing in e! We also have e; > 0 when

K**_O

Let us consider the other expression.

1
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Hence

1 % G/ (E**) (G(Et**) — C)
K %% e K %% t —C N xx Er*
6t = (**) qtet W + (1 — qt)et G(E™ red
” (283 (@
Let us define
1
Kxx / 0k N k% (G(Et“) — C) e
K | Qt€¢ G'(E) —c (1—qi)e; B -0
€t - Fx* G(Er*) g B+ G(E;~) o = (
Ty

The term in brackets is a weighted sum of the Kantian and the Nash solutions.

Let us derive © (elN**, ef**) wrt elV**:
¢t 1€ t

00 (eﬁv**,etK**)

DeN**
el
(ef**fh) G'(E*)—c _
B 1 E} w(gﬁ;};*)_c
T 140 (G(EZ‘*)_>
+(1_qt)e£\u* B c ]
e )
—(ef ) (1—a0) G'(E*)—c
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[Et ] w(GSEE;f* )—C>
PN fmrey g O (B = LEED)
(mane (S o) - | g
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Kxx <G(E7*{*)—C> Nxx G/(E**)fw
+(1_qt)qtet EY + (1—qe)ey (1—0)(1—q¢) t [EF*]
Oy

Let us assume, for the moment, that the second term is negative, and collect
the three other terms.

G(Br*)
f(ef(**lh)(l*q’z) G'(E*)—c +(1 _ )qtef{** ( E;f* fc>
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ey G(BTY)
T
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Let us factorize:

(1 _ qt) K**q |:7 [G/ (E:*)} +

G(E")
E;

] i ((1 —q)e N**) (I1-0)(1—q) {G, (BEr*) —

G(E)

o
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}
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Bt B (S o)
Given eff** < eN**| we have
K (1= g)eN™ (1—o
< N**q —(A-ag)e" (1-0) =" [o(1—q) -1 <0

Hence the sum of the three terms in brackets is unambiguously negative.

‘We thus have:

00 (eiv**, ef(**)

<0
deN**
Next step: derivation wrt ef<**. We have:
00 (elN**, ef**)
Del*
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(et ar) | _G'(B;")—c
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Assuming, for the moment, that the second term in brackets is negative, let us
recollect the three other terms and carry out the same manipulation as above.
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We have:

cE)
(e a) e | e | | (manael™ (22 —)
l 1 ek G(Ef*)
+ (1_Qt)eiv** (1—0)qs G (Et )_ Et*t*
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Let us factorize:
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ef g~ (1 —a)ef " (1-0) =€ [ = (1 - @) (1-0)] <0
Hence the sum of the three terms in brackets is unambiguously negative.

We thus have:
00 (ei\’**, e )

el <0
Hence, given the two expressions, and given
G(Er THe
etK** = (e’{(**q'f) G'(Ef") —c - (1—gi)e™ ( SEt*t* - C> o
B le(R - BT (S )

We have ef** being an implicit function of elN** defined such that:
etK** o @ (eiv**aetK**) _ 0

We can write:
ae(eiv**,ef(**)

detK** T T e
del T 0e(erE)
3@5**

Hence we have:
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Let us denote by I' : RT™ — R the decreasing function defined such that:
ef** =1 (eiv**)

with T (e**) < 0.
Let us now take the other expression:

‘H

G(E;™) 1t
N BT ¢ K N
kk —= sk sk
et - G(Et,f*) o — '—‘(et aet )
v(“F )
We have:
0= (etK**,e{V**) 0
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— K*xx _Nx*x
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We have ef** being an implicit function of el¥** defined such that:

ei\f** _ E (ef(**7e£\7**) _ 0

We can write:
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d@t _ _ deN _ oelN <0
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Let us denote by Q : RT™ — R™ the decreasing function defined such that:
e =q (6?[**)

with €' (ef**) < 0.
In order to discuss the existence of an intersection of the two reaction func-
tions in the (eiv**, etK**) space, we will compute I' (efv**) and 2 (eiN**) when

e =ef** and T (ef'**) and Q (e}"**) when ef** = 0. We have:
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Take the other expression. We have:

~ K %% 1

€y = 11
1 G eK** o
/l/}l+o' ( (ef;** ) _ C)

We have:
el < el = T (ef) < Q(ef*)

We have, at ef** = 0:
1
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G((l—qt)eiv**) 7
¥ ( (I—gn)el™ C>

We thus have é2V** such that
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Take the other expression.

We have, at eX** = 0:
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We thus have éV** such that:
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Let us compare é¥** and éN**. Let us suppose that é¥V** > éN**. We thus

have N v
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A contradiction is reached. We thus have:
el < eV — T(0) > Q(0)

In sum, given that I' (ef**) < Q (ef**) and I (0) > ©(0), and given that those
functions are continuous and strictly decreasing, we can conclude that the two
reaction functions intersect at least once.

Let us turn back to the intermediate assumptions according to which:
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By factorization, we only need:
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for all ef** < eN**. This can be rewritten as:
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This can be rewritten as:
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Given that e <L a sufficient condition is:
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Note that, under o = 0, that condition is always satisfied, implying the
existence of a symmetric ¢ equilibrium with Impure Kantians.
9.1.2 Uniqueness

Let us derive conditions under which the symmetric g equilibrium with Impure
Kantians is unique in the special case where ¢ = 0. The FOCs are:

Kxx * ok Kk
€ qt / ok G( t ) ( t ) Kxx
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( Db ) [ (E") IDr + B ¢ ve

G (Ef7)
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True, we have, from the previous proof, that:

—c— el =0

etK** =0 (eév**)

with €’ (eY**) < 0 and
e =T (eiv**)
with T (ef**) < 0.
Existence always holds at 0 = 0. Indeed, we have:

ro > Q)
F(etK**) < Q(ef(**)

Uniqueness unfortunately does not follow merely from € (egv **) < 0 and
I (eN**) < 0.

A condition for uniqueness of the equilibrium is that the slope of the € (-)
function is higher in absolute value that the slope of the T'(-) function at any
intersection.

Remind that:
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Let us now consider the slope of the I (eév**)

Kxx Nk -
Qe ™ s (1 —q)el*) (G (E;) s
G (B — P —0
E;k* [ ( t ) C]+ E;F* E:* C wet
Hence:
g, —gg)eNx -
d[%[G’(E:*)fc}k((l E;* ) (G%E;* ),C> 71#6{(**}
I (eN**) _ detK** _ del =
t def™ alChm o mp) - (Ul (SEED o) yepe]
detK**
Hence:
(K g ) (1—q0) .
) (o ()
(ef**t(h) " s’k
+TG (Ey) (1 — @)
_ (1 g )eN** (1—q, o
+((1 qt)) E; (é}*)q;) N (1—gy) (GSEJ?* ) —c)
+((1—qf,)e£”*) G'(E:)(1—q) Er* —G(E)(1—qr)
/([ Nxx Ef* (E;‘*)Q
() = -
w0 (57— o
etK** t . —((1—q¢ eiv** + o
+( E;*q) [G" (Ef™) @] + ( ;;*2 Ja (Ggf ) fc)
(l—ge)e ™) (G (B;*)qE;* —G(BL
4 ) ) ( (i) )q) —
Hence
ef(** . »
() o (%) (1 - )
ey G(BL —q, . .
I’ (ef™) (0B - T G el e+ (= a)ed™]
e =—
2(1— i\]** t ok G(E;* ef(**q ok

93



We now compare this slope with the slope of ' (-):
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is achieved when | (e]'**)| > |I7 (e]N**)
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uniqueness.

When ¢ = 1, we have: |Q' (e/"**)

, we then have
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We thus also have uniqueness.
Is this true for all ¢ > 07
Let us prove that ' (e**) — I (e **) < 0.
We have ' (ef'**) — I (e'**) equal to:
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Let us rewrite this with a common denominator:
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The denominator is positive. Hence the whole expression is positive if and
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only if:
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Let us now factorize and develop:
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The first term is negative. The second one is also negative.

Hence we always have, for any ¢; , that € (efv**) - T (efv**) < 0 so that
|Q’ (e{v**ﬂ — |F’ (ei\'**)| > 0. We thus have the uniqueness of the ¢ equilibrium
with Impure Kantians.
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9.2 Proof of Proposition 5
The dynamics of ¢, is given by:
(1;%) |:G (61{(*) _ CGtK* o w(e;*) _ |:G (EI{V*) _ Ceiv* _ Tb(e;*) :|:|
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Obviously, there exist two stationary equilibria with homogeneous popula-
tions: ¢ =0 and g = 1.

Regarding the existence of an intermediate stationary equilibrium, let us
first notice that, at such an intermediate equilibrium, we have:
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In other words, socialization efforts are equal for the two types. Some simplifi-
cations yield:
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Let us now substitute for optimal animal levels. Under ¢ = 0, we have:
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Remind that ef* does not depend on ¢;, and can thus be treated as a param-
eter. Thus we have two equations with two unknowns. Whether a stationary
equilibrium exists or not depends on whether there exists some pair (qt, eN *)
satisfying the equations:
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From the first equation, we know that e]¥* is an implicit function of g;:

GEY) _ )
Nx* ( EY ¢ =0
(G
We use the implicit function theorem to obtain the derivative of elN* wrt ¢;:
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Further simplifications yield:
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Note that, because of the concavity of G (-), we know that W < 0.
t

Moreover, given that el¥* > ef* we know that the numerator is positive. Fur-
thermore, we also know that the denominator is also positive. Hence, without
ambiguity, we obtain:
delN*
dqt
The more numerous the Pure Kantians are, and the more animals Nash players
purchase. We thus have the following function:

>0

eiv =e(q)

with ¢’ (qt) > 0.

Let us now take the other equation, and substitute for e (q).

Glaref+(1—qe)e(qr))
(G (™) ~Glela))] A —q)  [el@) +e™] M gaFa-a)ee —°

¥ [e(qe) — ef] 2 (G

=0
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Let us now consider the case where ¢; = 0. We know, from the equations for
optimal socialization efforts, that:

N
. = 0

e % G(ef{*)—cef{*_w_ G(e(O))—ce(o)_WH

2 2

Pure Kantians behave like a social planner, and chooses the number of animals
that, generalized to all players, will bring the highest individual utility. On the
contrary, when ¢ = 0, Nash players all chose the same number of animals, but
suffer from a coordination failure. As a consequence, they tend to have too
many animals. As a consequence, the utility of each Nash player when there is
no Pure Kantian player is necessarily inferior to the utility obtained by Pure
Kantians. This explains why, at ¢ = 0, the socialization effort chosen by Pure
Kantians is higher than the one chosen by Nash players. Hence the term in
brackets
W (ef

G(eg{*)fcef*fT), G(e(O))—ce(O)fw -0

Therefore 75(0) > 0. Hence, Pure Kantians survive when they are in ultra

minority. The survival of Pure Kantians when ¢ = 0 is due to two things. First,
the standard cultural substitution effect: when ¢ = 0, Nash parents rely on the
society for the transmission of their trait, so that 7/¥ = 0. Second, the effort
chosen by Pure Kantians parents is strictly positive 7/ > 0.

Let us now consider the case where ¢; = 1. The socialization effort for the
Kantian is now:

=0

The Pure Kantian does not invest any effort in socialization, because he relies
entirely on the rest of the society. This is again the standard cultural substitu-
tion effect.

Regarding the socialization investment of the Nash player, note that, for any
¢+, his socialization effort is:

—cep n — ——/—— — —cep " —

w0 [ ey e D) [l e w(&*f“

N
Lk | B 2 E; 2
* 2
Since e maximizes, by definition, the function U (x) = xcéf‘) —cxr — w(;c )
t

for any level of ef* and ¢;, we have, for any ef* # eN*, that the first term in
brackets exceeds strictly the second term in brackets. Hence we have:

TtN>O

To be sure, we can rewrite the socialization effort of the Nash parent as:
qt * * G (E*) w * 2 * 2
= [ e (T o)+ e - @]
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Let us now substitute for

this yields:

N :q—; [15 (e egK*)Q} >0

Thus Nash parents always invest a positive effort in socialization when ¢; > 0.
In the case where ¢; — 1, we have:

v -]

T = — —e
t o \&t t

K

Given that

7 —7N > Owheng =0

% —rN < Owhen g =1

we know, by continuity, that there exists at least one level of ¢; € ]0,1[ such
that 75 — 7V = 0, that is, at least one intermediate stationary equilibrium.

9.3 Proof of Proposition 6

The dynamic equation for g; is:

_ (1—gs) G (ef*) — cef™ — w(ef,‘*): |
o) e - 24
Q1 =g+ q(1 —qt) % — el — w(eg*f
— o B [e%gt(];t) el Wegf}

Regarding the uniqueness of the intermediate stationary equilibrium, it should
be stressed that a necessary and sufficient condition for the uniqueness of an
intermediate stationary equilibrium is that the derivative of the term in brack-
ets is negative at any intermediate stationary equilibrium. Indeed, if it were
positive, then there would be at least 3 intermediate equilibria.

Let us thus differentiate the bracket (equal to 7 — 7) with respect to g;.

99



This yields:

K 2 eV 2
=1 [ (efr) - eefer - WS [G(ey*)_cegv*_“’(; ) H
—dgt deiv* * *
U [ 22 G (o) = e = v ()]
eN*G(E; * ’lﬁei\[*z K q(E; " wef*z |
i[EtE)ceiV(Q){ E§>ce{((2)]
i del* * 7
i OB vy | (D)
+eN @ (E) (65* — e (1 )% )

* * * * defv*
VG () (el — el + (1 - a) %)
R L. BT
de," " Nx) deg’”
_a | —eg = () S 2oh"
G () (ef = el + (=) ) ()

) el G (Ey)

. " deN*
_ (e{{ — 6{5\[ + (]. — qt) ;fh

EHE

A necessary and sufficient condition for the uniqueness of the intermediate
stationary equilibrium is that this derivative is negative at the intermediate

stationary equilibrium.
Remind that, at the intermediate stationary equilibrium, socialization efforts

are equal. Hence we have:

K

(1—qq) |:G (etI(*) _ cef(* - d)(et;(*) _ |:G (eé\f) —Ceiv . 1/)(65 )

ce; 5

FGED) e (eF)? }
= ne )

Il
BN

E; —Ccep — 2 :

[eiVG(Et*) N v(e) {
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Hence, the previous expression can be simplified to:

65* 2 * * ei\]* ’
2] [ ) —oetts = 250 o ) — e - 2L
)[4 e (N) e ()]
r delN* ]
t G(E*)
dqt t N E*
+eN*G' (EY) (etK*—e{V*Jr(lth)deh ) )

—e G () (el — e+ (1 - a)

Nx
de,

dg:

)

[E;]?

N
—e

+(1—q)

deiv*
dg:

*
t

)

N

Kx
- (et -6

el G (B7) (el

dN
+ (1 —qt) ;;t

)2

-) el G (EY)

(B;)?

N
de,

G ()

Nx
de,

dge

The first term, which is negative, captures the effect of cultural substitution
on the socialization effort of both players. It reduces the effort of Pure Kantian
and it raises the effort of Nash. The second term captures the impact of ¢ on
the relative utility gain to have a Pure Kantian child for Pure Kantians. That
second term if positive. The third term captures the impact of ¢ on the relative
utility gain of having a Nash child for Nash parents. The sign of that third term
is ambiguous, but we can decompose and simplify that third term to see the
opposite effects at work.

We know that a rise in ¢ will necessarily increase AV but its impact on
AV is ambiguous. The ambiguity comes from the fact that the change in eV*
(i.e. a rise when g rises) affects both the utility of having a Pure Kantian child

and of having a Nash child. Two effects are at work.

deN*
da;
the third term. We then obtain that, if eV* was given, the rise in ¢ would raise

AVN = VNN _yNE

= 0in

To isolate the effect of a rise in ¢ for a given e™*, let us set

2 [G7(E7)] -
Ef

Thus Nash parents gain more than Pure Kantian parents when ¢ is raised
for a given eV*. Indeed, a higher proportion of Kantians implies more space per
animal for all, but as Nash players have more animals, this is more beneficial
for them.

The second effect arises when ¢ is given but Nash players adapt the number
of animals eV*. To isolate that effect, let us now delete all terms of the third
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N
de,

do We then obtain:

term that are not in

G (B7) - G55

gr dep’* | G (E;) (E;)
Ef

K dgq ki

_c—weiv*—k(eiv*—ef(*) (1—q)

Using the FOC for Nash players:%b?) —c—elN* =0, we have:

N G(E;
¢ (B) - T

Ly

%def[*

Kk dg

(eiv*—ef(*) (1—q) <0

Hence, when Nash players increase the number of animals, both Pure Kan-
tians and Nash players have a decrease in utility, but the latter seem to lose
more. Why? Again, the rise in e)* reduces the availability of space, and thus
reduces the return on each animal. But as Nash players have more animals,

they suffer from a larger utility loss.

Using that decomposition for the third term, we obtain the following condi-

tion for uniqueness of the intermediate stationary equilibrium:

¥ (eN*)2

G (eN*) — ce™* — 2“

Kx 2
G(GK*)—CeK*—L (62 ) —

+(1 —q") [—ds(;i* e (eN*) —e— (eN*)]:|

’ G(E*)
2 G (B*) — 5=
E*

s l_ (o _

_i deN* (eN* - eK*) a- q*)G/ (B*) — ng*)
Kk dg* E*
+
<0

9.4 Proof of Proposition 7

The dynamic equation is:

gy | G — et - EL
B N *
r — G(eiv*) ce]N* 7’/’(5; ) }
G+t = e+ a1 = ar) Y G _ gonw _ ()
t 2
_qt t
K [efﬂg@f ) cefés w(af*ﬂ
E} t 2



Differentiating this with respect to ¢; yields:

* * P ef(* 2
(1—q+) G(etK ) el - ( 2N) 2
K * * P(e "
1+ (1 - 2g) —[G(ef)—ceiv—w}
* * *)2 * * *
@ [eiV G _ gepie — wle)” ek G _ gefis _ G
r 2 .
(2] o () = et = 2EL [ ) - e - 25T
HE [ (6 () — e v (V)]
1— L g2 GED-E
—H]t( Qt) 7% [ [ei\/’ 765( ]2 Et* E7
6 (B;)- S0
,Zd‘j: (eiv* - ef(*) (1-4q) E; e
When g = 0, the derivative is:
K* 2 2
1+% G(ef(*) fcef(* 71/}(6; ) — G(eév) —ceivf dj(e; ) ]] >1

Hence the equilibrium g = 0 is unstable.
Take now the equilibrium ¢ = 1. The derivative is:

* 2 * *
1_,_1 M_ N*_w(eév) _ etKG(Et)_
K B} t 2 E}
= l—l—l eiv* [G(E;)—C—we’{v*}_ ef(*G(E:)_ f(*
K E} 2 E;
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Using the FOC for Nash players:%b::) —c—elN* =0, we have:

] .
L L el @G e ()
k| ° 2 E; t )
[ * * * *2
_og g L) e CE) e ()
2 B} k 2

_ 1_~_1-1/J(ei\’*)2_ w [G(EY) el
B A K Ef 2
1 I N 2 K*
- [ e o ]
i N*Z K*2
— 1_~_1 z/)(e; ) +¢(e; ) —pelre K;|

]"(/} * *
= 1—&-;5[(6{\[ —etK)]>1

Hence the equilibrium ¢ = 1 is also unstable.
Finally, at the intermediate equilibrium, the derivative is:

£\ 2 2
= ][G( > cef = X5 g (o) - eep - UL
14+g(1—q) +(1 q9) [ det )—C—’L/J(eév*)]}
c(57) . o' (Br)-SED
L~ ]G(EL] [<ezv*ef<*><1q>w2; ““]

Local stability requires that expression to be less than 1 in absolute value.
Note that, when the intermediate stationary equilibrium is unique, the factor
in brackets is negative (by Proposition 6), and so the stability condition is
necessarily satisfied.

In the case where the intermediate stationary equilibrium is unique, we know
that, by the continuity of F'(g), the basin of attraction of the intermediate
stationary equilibrium is equal to [0, 1], implying that the equilibrium is globally
stable.
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9.5 Proofs of Propositions 8, 9 and 10
9.5.1 Toolbox

Let us first compute the derivatives of each term VEE VEN 7 NK anq NN,

K sx *ok Kxx) 2
kK & TG(E)  Kwx Y (et )
\%4 = 7Et** cey —

N *x 2
VKN _ G(ez]&V**) _Cei\/'**_d}(ez )
Kxx *% Kxx 2
Nk _ & G(EY) ke Y (ef™")
\%4 = B ce; 5
Nkx* *k N2
NN _ & TG(EY) __ Nsx (G (et )
\%4 = B ce; — 5

where
E*=F(¢)= qtef(** +(1- qt)eiv**

with derivatives

dFE (q4) K def N de]N**
= e ok + — € o + 1-—
dg, R P G O
d2E deK** deK** deK**Z deN** deN** dQeN**
(2%) _ G S t2 e R A t2
dg; dgy dgq dg; dqy dgq dg;
The derivatives of VEK VEN VyNE and VNN are:
deK _ detK** (G(‘E*‘f*) B c_¢e{(**)
dgy dgy E}
(qt) €y G/ (E;ok) o ( t )
dq: Ef* B
Hence
deK def(** (G(E;*) K e{(** < G(E**)
_ (G e s E (o - S
th th Et** ,l/} t qt Et** ( t ) Et**

d N xx Kxx E*
+(e§{**ei\/'**+(lqt) et )et G( t )>

G/ E** _
da; E< R

Using the Envelope Theorem, we know that the term in brackets is equal to
zero (it is the FOC of the Impure Kantians).

Hence:
— e *k e *k 4 1 _ ¢ t G/ E** _ t >
dqt t t ( Qt) th Ez:* ( t ) Ez:*
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Hence, at ¢ = 0, we have:

deK deN** " G (E:*
- (%5 (¢ - S50
dq dqy E}

Let us now compute the second-order derivative:

d2VEK d2etK** G(Et**) x eK** , G(E**)
-y — o ok E** o t
a7 aa? ( E* e gy (G( R )>
dE(qs - G(E}* def*~
E(gt) [G/ (EF*) — (E } P dq,

dq: EH
el E** efeer dB(ay) G(E)
t

deK** K
+— + —e,gw + gt (G’ (Ef) — 5% )
qt t t
+ qt E** dE(qt) (GH (E**) E** (G/ (E**) - G(EEZ'J* ))>

deK** deN** deN** dQGN** eK** " G E**
(A S (S
t

dgy dgt dgt Er*
det Hk K** dE(q¢)
E o
N d d G(E
det **) qat E**2 at (G/ (E;*) _ (E;‘t* )

+<62K** 6115\[**-1-(1—%)
d o o s G(E;*
gt +eE;‘* (G” (Et ) . El* (G/ (Et ) _ 53;* )))

Using, again, the Envelope Theorem, we have:

dE(qt) 1 4 *ok _G(E:*) _ def**
dqy Ef* G (Et ) Ef* ?ﬁ dqy

27, KK Kxx . defS i K dE(ap) ",
d=V de; i ek a 4 B —ef Tast (G' (B — G(E; )
ok * k2 X3
a7 da; g g CTE

o e 220 (G (By) - o= (6 (Bpr) — S

Kxx N % N sx 2 N** Kxx * ok
+<det ~ dej _det +(1—q75)d ) {et** (G'(E,f*)—G(lfi ))}
dgs dgy dqy dq? E E;

K #%
dej E**—etK** dE(q¢) G(E:*)

d N % dqy dqy ( / sk “t
+ <ef{** —e + (1—q) Zt > B G (BT) EtG(EH)
qt + o (GII (E**) _ E}* (G/ (Ezk*) _ E;‘t" ))
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Hence

[ def™ dE(q:) 1
dg: dg:  Ef*
def wx dE
_’_def{* efixx + e,fqt t _67{{ #Zt)
das 7E:* q Ezf*z
A K a1
27y KK ok t t ) 1
d*v _ {G’ (B — G (E; )} do U Tde B
2 - t sk e, " [deSr” _ de o _ de; o -
da; E T ( dai da ~ —dg T (1 - @)
Kxx _  Nxx _ deiv“
€t e "+ (1—q) da
def** s Kox dB(ay) x
+ dtqt B e Ttt + f(
B B
Kxx Kx*x Kxx
det _1l}det Q@ €t dE (qt) (G// (E**))
dge dq Er* dg !
d@N** eK**
Kxx N *x t t 1 0k
+ (e —e +(1—q G" (FE
t t ( ) dqt Ez:* ( ( t ))
Note that ¢ = 0, this simplifies to:
def(** dE(q:) 1 + def(** ef(**
dge dge  Ef* dg: Er*
Ko Koxox Nk 2 Noux
d2VKK G (E** e, de; _ ode; d e,
Vo = e - S0 v Ui 2+
dg; £ Naw [ BT e Koex dE(ar) Ko
+det dag t t day + e,
d B &)
K% 2 N xx Kxx
_'Q/J det + det et G// (E**)
dqt dgr | E¢* !
delN**
Let us now compute :
dgs
G(E!™*
N ( (E*t* - C)
t
et ¥* 0N T O/ — O

(8

d2eN*x
dqt2

)

Note that, at the equilibrium, both ef** and eN** are functions of ¢; only. In

other words, for each level of ¢;, we know from Proposition 4 that there exist

only one unique vector (etK**, eiv**).
‘We have:
K*x ok ok
et qt / sk G(Et ) G(Et ) Kxx
G (Ef) — —c— =0
( E;k* ) |: ( t ) Et** + E;k* c ¢€t

Thus, using the Theorem of implicit function, we have:

K . G(E** G(E** ",
. d|:< tE;*(It> |:G/(Et )_ gszj* )]+ gsg* )—C—IZ)EJF :|
*k
det _ dqt
Kxx G(E** G(E**
dqy d[(LE;*qt ) [G”(Et**)*i%;f* )] +7(Eg* ) fcfwef**]

Kow
dey
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Hence the numerator is:

Koow pn_ Kax  dBEF"

e E*—e —Lt

T (B — G(E™)
JoFR G’ (E; o5

-
Eaon

G (E** ‘ EX_G(E™
+(ef(**lh) G// (E**) dEt** _ () dat etK**:C” ’ ()
* FEP)

2 t da el**=cst £
1 ey GBL - wxy BT
GBS g LK**fcctEt —GET) eKxx—csy
+ A e
Ef

l:G,(E:*)—G( t ):| <6t t >+(et qt)G//(E;s*) d t

B B E;* daq
dE}* 1 G (E;)
G/ E** o t E** o 2 Kxx*
d%ewﬂmw”{(f) mpe | el
Hence

Ko ok
€y i Kk G(En )
o e (B - A
€ **Qt dE;™ 1 0k
+ (St ) 4 G (E;*)
Et dqy ef(**zcst t

+ ((1—Qt)eiv**—ef<**qt) dE;”

Err dq:

G(E**
El** (GI (EZK*) _ (E*t* ))
e **=cst Tt t

The denominator is:

%(“‘M&”)F%ww—G@m]

E? E;”

K*x ok
et qtqt 1" * % 1 ! * K G(Et )
- E) — E) — ——=

qt ! *ok G (E:*)

EF)— ——=| —

Hence

g (2(1 - Qt)eiv**> [G’ (B — G(Eik*)] + el qrge (G (E)] —

*%2 * ok * %
Et Et Et

Hence we have:

|e{(**(:st‘|

ok
H =cst

Ko . Ko o
(et ) ey _ GEEY) e, Tar | dE; 1 (T
TEFT [G (Et ) E;* + Ef* dq; Koex G (Et )
g b t ey =cst
Goael el de L (6 (B - S
detI(** +< Ef* dqq ef(**:cst Er* ( t ) E;*
d o 2(1_(1&)51\]** 12 Kk G(E**) CK**QtQt 1 * %
a g (g ) |G (B) — T |+ gt (G (B~ v
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* % N %
Let us now substitute for d:;tt . =l — e 4 (1—¢q) dtht :
© lef**=cst
Kox ok Kok N
o [0 - CED () (et e+ (-0 ) 6 7
- Nk __Kxx R o deN* o G(E**
dek + ((1 qt)etEt** = qt) (ef( e (1—q) tht ) E}* (G’ (Ef*) — SE:"* ))
- _ N sk * K xx
dgy @ (%) [G’ (Er+) — GSEJ?* )} Lo E:tht [G" (E*)] —
Hence
K% . Ko N
b |6 () = SE ] 4 () (el — e+ (1 - a) ) G ()
) - Nows Kok N - ) - deN** - G(E**
detI{** + ((1 Qt)etEt** = Qt) (6{( — 67{\[ + (1 - (Zt) eUltqt ) E}* (Gl (Et )_ S?jt* ))
= _ Nk ok Koo
A4 a (205 ) |6 (Br) - SRR 4 S o (B - v
Hence, at ¢ = 0, we have:
* %k sk k deév**) 1 }
def™ _ G (EF) — G (E77) [1+( da,_) Bi”
dgy ! Er* (0

d N %
Let us now compute tht . We have:

G(E)
N k% ( Err C) =0

e _
‘ ()
Hence ~ _
N E
d|e; — tw
N % L -
deg ™ - dgy
- r G(E**) E
da v (55
d|e; e
T der -
Hence
dB;* 1 /ey C(ELY)
(dqt eNex_cot BE (&' rm)- < )>
o P
N %%
de; _
wxy_ GELT)
dq; ((1—%)}2}* (G/(Et )- S ))
1- P
. dE** d,K**
Hence, replacing by T = (etK** + q¢ pd”qt — eiv**):
eN** _ gt
t

Kex  def* N wxy G(EL*)
((et +a G ! )Ei (¢"(Br)- S5k ))

N %
de;

dqt ll s <G'<E:*>G;§a*>>>]

P
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Kxx

At ¢ = 0, we have ef£** — eN** = () and:

d N xx

"

dq:
Hence, noting that:

def’** 1
def** _ [G' (Er*) — G(Et**)] [H_ ( das ) EZ*}
dqq ! Er (U
We have: .
e[ Er) - 5]
dqt (0

Let us now compute the second-order derivative:

r r def(** def(** dQSf(** dei\f** 1 ’ - G(E:*) -
( dg T de T T Tda ) BY G (BfT) — B
Kxx def* Nxx
(et +Qt dtQt 6
wxy ABF* woxy ABF*
—i el (E;¥) dE;* GBS ErT-G(E") =5t i
+ t dq E;e? t
_ (v ey _ GEL) N dETT
(o - 2
L B2 i
_ 1 1 E _G(Et**)
_ ((1 qt)E;«* (G ’l(/}Et ) BY* ))]
T Koxy o def N\ 1 (g GEEY
ey +aqr dqy  ©t E:*( (Bf*)— BF~ )
P
B i _ 1 ! Rk G(E:*)
( E; (G (Et ) B
say DB i wxy dES
<G,, () 4B _ G T B G T | e
— t dq Et**2 t
1 i )k G(E; ™)\ dE;™
(- o)
+ (1 — Qt) T2
t
dQBiV** L L i
dg )
a4 ((1—an) = (G (Br) -5k

¥

[1_
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Hence, at ¢ =0:

deE def]** - G(E**
t _ £ ) El* (G/(Et )_ (E:f* ))):|

1 def(** +

b dq dqy dg:
- (5= (e Er-252))
d2€£\]** P
da? = e GBI 2
" [1_ (st (e #1725 >>1
Hence - GlE)
1 de % E;™
e (4 g (0 o) - S0)
2 s ey GBS
i [1_ (E:* (¢ (Etw)‘ hi ))]
. oo [eEn)-LED]
Hence, given = 7 at ¢ =0:
by GEFHN T2
()
d2 N %% E;* ¥
e
2 s meey GBET)
dg; [1_ (5= (c (Ew) — ))]

Hence, in the general case where ¢ # 0, we now have a system with two

equations and two unknowns:

(etermran fi—ev= ) e (0" (B2)- S5E7) )
del**
o R e Gl )
B 2
. Koo
E** |:G/ (E**) _ G(EE*t,* ):| + (EtE**qt) (eg(** N** + (1 _ qt)dgt ) G// (Ez‘*)
1—gi)eN " —ef**q, sk Hk del sk G(E!*
def* + (( = tEt** ! ) (ef( —e" A+ (1 —qr) th ) E;F (G/ (EF™) = (Egt’* ))
- 2(1—q¢)elN** % G(E;* el *quqy o
da a (M) |6 () - SER |+ e G ()] - v
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Substituting the first equation in the second one, we obtain:

72

** G(E™
Ky g, def *74\1** G’(E;‘*)fc(jiz;*)
B} (1-q0) L i wE( )
FE I | eRrx N _
Ef t ¢ (1—qt)<G’(Ef*) 4%5;«* ))
1- VE;*
1— N x % K % o G E**
(( ‘If)e o —€ ‘If) E** (G/ (E )_ (E*f,* ))
Koex g detqt eV (G’(Ef*)fcgzﬁ*)>
+ (1—gqe¢) | = GELT
K** _ €N** _
def** ] o
= = _ N % o G(Ex** o
day g (20525 (6 (By) — S 4 < (G (Bp)) -
This expression will be used later on.
Let us now compute the other derivatives.
N xx 2
e
VKN:G(eg\/'**) ceiv**—d}( t2 )
Let us first compute the first derivative wrt g;:
dVKN _ G/( N**) det deiv** _ 1/) Nxx dei\f**
dqt dqt dq: dq:
— defv** [G/( N**)iciweN**]
dqy K
The second-order derivative is:
dPVEN _ dQGthV** [G/ (eN**) c— 1/}6N**] dei\i** [G//( ) dez{v** _ wdeiv**
dq? dq? ! da da day
2
d2€£\’** / N xx N xx deN** 1" N xx
= T (o) e— v+ (D) 6 @) - )
Let us now compute the last derivative. We have:
*k sk N 2
VNN _ e G (Ef) — el _ (G (et **)
B t 2




Hence

deiv** K% N** 1 *k ®ok N** wx\ AE"
dVNN dgq G(Et ) G (Et ) d(It E G(Et ) dqy deiv** ’l/) N xx
dgy B Et**Q dqt

ok sk AEL" posx ok s\ dE;”
deN** [G (E;f*) N e G E) G Bt — e G (E;) G
th E** t E;*Q
=0 G (Er*) — ——t /
Hence

dqq dqq dgt ) E” Er*

davN
dqs

Let us now compute

delY * ok sy AEY * ok * ok dEf
[ [Eewrsemn S mr (o)
i t t
dAV - [E**] cht €t dqy
- def<*= . o sy AEF - . wxy) AEL*
th { ;qt G(E; ) +ef G/ (E;™) 75 :|Et 7(etK G(E] )) P deK+> Kk
T e Ve
Further simplifications yield, at ¢ = 0:
de o
da— G(E; )] deN** deN**
dAVN Bf I
= defxx N
th _ |: dq¢ G(et ):| _Cdef(** _weK** def( *
eN*x dqy t dqy

Hence, given the FOCs for Nash players, we have:

dAVN
dqy

=0

9.5.2 Existence and stability of homogeneous stationary equilibria

The equation for the dynamics of ¢; is now:

[ Cilad <o B S o B
(I=gs) i 2
r G N % N sk w(eg\]**)z
— (et ) cep = ——5——
41 (@) = @tta:(1—qy) e e H)’
Er* t 2
__ a4t t
2 _{M(Ef*)_cek**_w(‘ff“*)?]
B t 2

Let us first study the existence of a stationary equilibrium.
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vaN d K d N % N sk G E**
_ ( K**+ @ €t _ei\f** +(1_qt) €t ) €y (G/ (E;«*) ( ))

% det

dg:

N %%
de;

dqy



Obviously, ¢ = 0 and g = 1 are stationary equilibria.

Let us now consider the stability of those homogeneous equilibria.
At ¢; = 1, we know that

TtK = 0
N % '(/) Nk )2
I B
t = Kox Kx\2
k= Z%( G (ef(**) — el — 1/)((5; ) }

But remind that, when g = 1, e** = e&*. Hence,

2 2
1 Nxx eN** eK*
S e e B 1 e L i |
€t
Hence,
[ G ke _ () T
(1—q+) B t 2 )
Rl Ge) N (e T)
H'(q) = 1+(1-2q) o ' ’
oo o FGET) N )
G B t 2 )
2 _[ef*cw:*)_cem_w(ef**)]
Er= t 2
d [TtK — TtN]
¢ (1 —qp) —————
(1 —a) =
Hence
[ G ke () !
(1—q¢) By~ t 2 ,
Rl eCe) N ()
H(q) = 1-1 e ! 2
©oT NGB _ e _ V()
it !
_a £ 2 .
g _{MUET*)_%K**_QMK**)}
Er* t 2

= 1-1[0-7"]>1

hence ¢ = 1 is unstable.

Let us now consider the stability of ¢ = 0. The derivative of H (¢;) at ¢s = 0
is:

H' (q1) L+ (1—2g) [TtK*TtN]
d [TtK — TtN]

+qi(1 — q1) 0
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Remind that, at ¢ = 0, we have:

I
Kxx __ e{\r** __Nxx
e = m = e
Hence we have:
2 2
i = W_Cet - - (et )—cet — 5
t

Thus Impure Kantian parents invest 0 in socialization when ¢; = 0. The
reason is simple: when ¢; = 0, Impure Kantians behave exactly as Nash players,
and thus, from the perspective of parents, there is no difference between having
a Nash player and an Impure Kantian.

Moreover, at ¢ = 0, we have:

s+ % Nxx)2
el “rG(EY) Nk w(et )
0 T E G -T2
N t 2 O
Ty = — - ok Ko =
¢ K _ ef( G(E™) CGK** _ w(et )
Dby t 2

Thus both socialization efforts are 0.
At ¢; = 0 we have:
H (0)=1
Second-order derivative is:

K N] d2 [TtK—TtN]

d|T
H" (Qt) =-2 [TtK - TtN} + 2(1 - 2%) [ dq2
i

t t
il S A | 1 —
g +q:(1 —q¢)
At g¢; = 0 we have:
H" (q:) =2

which is to be computed.
From the toolbox, we have, at ¢ = 0:

dVEE  quyKN
_ — O
dq dq

Back to the initial expression, and reminding that at ¢ = 0 we have AVE =
AVN =0, it follows that

d [TtK — TtN} dAVE dAVN
_AVE L (1— VN
dgy Vel q) dqy [ Vit dg;
AVE AVN
= 0+ dav — [0 + Od v ]
qt dgy
_ dAVE
dg

()



. dAVE _ qvEEK avEN
Let us compute do = dq q

From the toolbox, we have, at ¢ = 0:

dVEN deN

(& () —e—ver']

dq B dg;
W (deN) (G, ()~ CLE) >
dgs das ‘ E;
Noting, that, from the toolbox, we have Cffqiv =0.
Hence we have:
dAVE B dVEK  quKN
dqy dq dq
=0
Hence
H"(0)=0

Hence, following Dannan, Elaydi and Ponomarenko (2003, Theorem 2.3),
we know that only two cases are possible: either H"' (¢;) at the fixed point
is strictly negative, implying that the equilibrium is asymptotically stable, or
H" (g) > 0 at the fixed point is strictly positive, implying that the equilibrium
is unstable.

Computing the third order derivative, we obtain:

d[TK—TN] d? [TK—TN} d[TK—TN]
H/// - _9 t t 21 — 2 t t 4 t t
d? [TtK — TtN] d? [TtK — TtN]
1—2g)—-t t4 1—gq)—tt —td
+( at) P +aq:(1 —qt) g
At ¢ = 0, we have:
d2 [TK _ TN}
H/// — 3 t t
d2 [TK_TN]

Let us now calculate # with general forms. Remember that we have:
d[rf —rN dAVE dAVN
Lk RN SR —|AVY 44

dg; dgy dqy

Hence the second-order derivative is:
-7V L AAVE

BPAVE 2dAVN 2PAVN
dqf dgy

1—g¢q —q
-9 dg} dgq dq?

At ¢ = 0, this simplifies to:

P =] JdAVE  PAVE  dAVY

= +
thQ dgy dq? dgy
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We already know that dAVE _ () gt q=0:
dg:

& [rf -] PavE o IAVY
dq? dg? da,

Hence, given that, at ¢ = 0, we have dAd(‘; =0, it follows that:

d? [TtK - TtN] B BPAVE
dq? dq?

From the toolbox, we have, at ¢ = 0:

def(** dE(qt) + deK** ef(**
dge dg: E** th Err

o KK o K** deK** deN** d2et ok
PVEE {G, () — G<E>} b (S -2+ e
dqt Ez‘* N defxx Fet _ K ex dB(ay) Ko
+ € dayg t t day + €y 1
dq: E;*2 Ef* Ef*
deK** 2 deN** €K**
_w( t ) + t |: t** G// E** :|
. o | e @ )
d2vKN d2 Nk d Nk d Nk d Nk
5 _ et2 [Gl (eI{V**) c— weN**:I €t |:G// (eN**) €t _ €t :|
dg; dq; dqq dqq dqq
d2 N %% deN** 2
— G/ Nkx) weN** ( t ) G// eN** 71/}
e ) - e + () [0 ) -0
as well as,
(et vt e ) e (070 2512))
B P
dep
dgy [1  (ama g (G;E,)Ggft’))]
*% G Ef** efK** t *% *% *%
oo [ (B — SO+ () (e — el 4+ (1 - )2 ) G (Bp)
1—q¢ i\l **S{(** t *% *% det * * 3% G EZ‘*
def*= +(( = Er . ) (etK —ef 4 (1—qr) da: )E** (G/(E ) — gst** )
dq @ (2(1—]31?255**) [G/ (Ep*) — Gg?i*)} + K**qqu (G (EF*)] — 4

when g = 0, those last two expressions vanish to:

N xx
de;

dqy B

(s



_ G&ET)

dekr G (B}

Er*
dq (0
Hence GE)
detf(** G/ (E;‘*) - Et*t*
= <0
dqt (0
Let us now substitute for those two expressions in dzg‘l/qfk and dZ;/q;(N. We
t t
K % N %
have, given%g‘f‘) =l 4 g dil”qt —eN 4 (1 - Qt)dffqt =0at ¢=0:
d2vKK G (E** d Koxx d2 N % d K\ 2
= [o ) - CED [T T ()
dg; L} dqy dg; dq

d2vKN - d2e£\/**
dg; dg}

Remind that, from the toolbox, we have:

ok 2
) ey GUEE)
91 l(G(Ef) i ]

[Gl (ei\/'**> _ C_’(/Jeiv**]

dQeiV** - B ¥
2 sy G(EE*)
& [1_ (o= (crer) -2 >>]
P
Hence, substituting in dQ;/I;K and dQ;/fN, we have:
a3 9z
oy 2
) (G/(E;*)_Gg?* )
s G(E;™) 2E?* P
e {G/ (B G(Et**)} & E) ~ T +
2 = t - *k r
dg; E} W - (ﬁ(c/(w*)—cff* )))]
P
2

_1/] d)

8



Hence

- .. L (o' () - S0 ]
2|6 (Br) - 9] ll G e )>]
e N
+w Qﬁ [W}
G/ ) t P
Y 1- 0
(e () - SEDN
()
Hence
- = |G'(E) - : - * -1
dth ( t ) Ezk* ql) [1_ (#(G’(E:*)fc(;z}* )))]
P
(e (Ere)-SED
t Er | W [1_ (@(G’(E;;)—G(éi”))]
Moreover,
dQVKN dQGN** *k *ok
= a0 memve]
Hence
d2vKN K v /(N N
3 = G(E**) [G (et **) - C_wet **]
dg; ))
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Hence

d2vKK d2vKN

g dg?
7= (6B -S52))
— |- 252 -
t

< |
| —— |
—
~~
g
o+ x|
¥
Y
Q
=
S
=
N
S~——

o (B - 2B ’

o [G/ (GI{V**)*C*M)GN**]

1 Gl )]

P

Hence

¢ (E) - %r

. (e (e o)
b 92
[1 B (Et (G’(E w)_G(E* )))‘| _ [G ( N**) —c— weN**} Et*%d;?
Hence
ey 72
G E - S a(Er
R
1 BT t B
P
Hence
the stability condition for ¢ = 0 is:

E*

Hence

N *x
ei\/**w_i_ (Gl (ei\/**) _ G(f\;ﬁv** )) -9 [G/ (ei\/**) C_weN**:I

(=)
Naw €
Let us now replace by eN** = t# when ¢ = 0. We have:

N*x
€t

<G(?N**) _C) < 7 ok
etw_’_(G/(eiV**)_G(eiv ))_2 Gl(ei\/**)_c_,wet—
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Hence )
*% G (eN**
et (S5 o

Hence, given the interior condition el¥** > 0:

G (eN** , " G (BN**

Hence, 0 is unstable.

9.5.3 Intermediate equilibrium: existence, uniqueness and stability

Regarding the existence, let us consider the space (qt, TtK — TtN ) We know that,
at ¢ = 1, we have 7(1) — 7N (1) < 0.
Indeed, we have, at ¢ = 1:

TtK = 0
Nk " Nxx\2
o 1] e (e - e - M)
T = - o K)2
w| - [ (o) - e - 2]

Note also that, at ¢ = 0, we have:

Nxx Nxx N xx 2 N xx
7,K _ l €t G (et ) o CeN** o w (et ) —lag (eN**) ceN** o w (et
‘ K e ¢ 2 ¢ ‘ 2
wx\ 2 2
Tt = T e e T - Hox —C T 5
K E; 2 E;

Hence 7/(0) — 77V (0) = 0.
We also know, from the analysis of stability at ¢ = 0:

d [TtK(O) - TtN(O)]

0
dgq
d? [7f(0) = 7N (0
[Tt()th()] > 0
dg;
Hence we know that the function 7/ (q) — 7/¥(q) is above the z axis in the

(qt, K — TtN) in the neighborhood of 0 and below the z axis in the (qt, K — TtN)

in the neighborhood of 1. Hence, by continuity, there exists at least one inter-
section of the function 7/ (q) — /¥ (q) with the x axis. Therefore there exists at
least one intermediate stationary equilibrium.

Regarding uniqueness, a necessary and sufficient for uniqueness of the inter-
mediate stationary equilibrium is that the slope of the function 7/ (q) — 7V (q)
is strictly negative at any intermediate stationary equilibrium. We have:

TtK _ 7_tN _ (1—a) [VKK _ VKN] G [VNN . VNK]
K K
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Hence the derivative:

K _ N
d[Ttdq_t ] _ —?1 [VKK_VKN+ (VNN_VNK)]
(1—q) [dVEE  qvEN
K [ dgy - dq ]
g [dVNN  quNEK
_"ﬂ[ dq: - dqt ]

The first term is negative. It captures the cultural substitution effect. The

second and third terms will be decomposed as follows, using the toolbox for
expressions <-—, “—, o and da = g

d[rf — ] -1 [VKK — VKN | (YN _ VNK)]
dqs K

*ok *ok de "
( | eforr — eV 4 (1 — ) f;qt )
1-— qt K oxox G(E**
+ - eé:* (G/ (Et**) _ (E:t* ))

— (%7 (G () = e = wed™])

dge
K deK** N deN**
e Tt g —e T+ (- a) T
N sk ok
€y / k) G(E;™)
| 5 ey
Kxx N*x de, o
K e —e ™+ (1—qp) o )

— ef{x* - a E;M
(6" ) - 452

o
B}

Let us now decompose the last two terms into those associated with varia-
tions in the number of animals purchased by each type (for a given ¢), and into
terms associated with a variation in ¢ for given number of animals:

M _ ;1 [VKK—VKN—l—(VNN—VNK)]
dqy K
*k $k Ef(** ok G(E;™
- (efr — V) e (6 () — S
1_q deN**/ K - /G Hx
|+ (e )Tf (G’(Et ) — (E’f))
di\/** *k FE 3
(5 [ () — e = vel™])
** *% dei\]"* . G(E;*
—h (e =) (- a) ) (6 () - S
qt defr=\ e+ Kk G(E!™
iR Ce aE a CACYEE
= [ef e (0 ) — O
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Let us now try to sign each of those terms.

d[rf =] _ -1 [VEK _ KN 4 (NN _yNKY)
dqy K
i * *% eK** *k G(E**)
K+
+(]— qt) (1 _ qt)et GI (E;k*) _ ( t )
K I B
de{v**
+ day ! N sk B N %
—[G" (") —c— e ]
- +
[ *k wx7 2 *% G(E**)
SCRET N CIEREE
t
1 +
EN** k% 3k k%
Ca | g ) (- ) (6 ) -

G (Ef")
Ey

N %% ;*
def<* €t i *k G(Et )
g S (@) -

+ dqe |:qt Et** < ( t ) E;«*

The first term of the first bracket is positive: it is the effect of a change in ¢
on the utility for a Kantian parent to have a Kantian child for a given number
of animals for type IN. The second term in the first bracket is the effect, for a
given ¢, of a change in the number of animals purchased by Nash players on the
utility for a Kantian parent to have a Kantian child.

Let us now interpret the second bracket. The first term in the second bracket
is the impact, for a given number of animals for both types, of a change in ¢;
on the utility for a Nash parent to have a Nash child. The second term in
the second bracket is the impact, for a given ¢, of a change in the number of
animals purchased by Nash players on the utility for a Nash parent to have a
Nash child. The third term in the second brackets is the impact, for a given
¢+, of a change in the number of animals purchased by Impure Kantians on the
utility for a Nash parent to have a Nash child.
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Having carried out this decomposition, let us go further in the calculations:

d I:Ti[{ B TtN] —1 eiv**G (E;F*) N xx
dqt - 7 |: E;k* -G (et ):|

S CREaE = CIESEE=—)
_ [G/ (ei\f**) —c— ,l/}eé\f**:l

IWETS _ f(** o G E:*
Lde A ma) | (6 () - SR

th K eN** %
—a e (G () - SE)
qt K def** Nxx ei\/'** / koK G(E;*)
_ 1 _ G (EX) —

- [(et +qt o € > Er (Ef™) Er

Hence:
A —n] LA GE) e

dqt K E* !

1 K**_ N % ez{(** I LA G(E;K*)
+KJ ((et et ) E:* G (Et ) E;k*

Ll (ma) (L) e m vt
dgy K + (G/ (Ey) — G(EE;* )) (eé‘t** - %&%)

Nxx Kok
_% Kxx _  Nxx et / LA G(Et )
P |:(et et ) Ezk* <G (Et ) Et**

deK** GN**
t

t qt / Kk
Lo (G (B -
d(h E;k* K q. ( ( t )

G (Ef")
EF

Remind that the FOC for Impure Kantians is:

Ezc* _ etl(**qt e{(** , K
— =G (E) + G (Er™ —c = et
< (E:*)Q ( t ) Elzk* ( t )qt w t
K% ok * %
€t Q| v G(E[™) G (EY) Kk
Ef) — - =
B {G ) -~ |~ ver

Hence, given that we are here at an intermediate stationary equilibrium, the
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condition is:

d [Tf;q— ] _ —71 [VEK _ yEN | (yNN _ yNK)]
t
K% *k
(GK** _eN**) eE** <G/ (E**) . G(EE*‘* ))
1 — g**
+<7K‘1> v
K o K
e (G D (1
dq _ [G/ (€N**) _ QZ} (eN** _ eK**)
[ _ [eK** _ GN**]Q (Gl (E**) _ G(E%f* ))
1 " G (E*)
sk eV ** K xx N xx ok Kk u\E )
Lo | g ey ) (e - CE)
K
e fxx **eN** *k G(Iy_**)
+a 1 T (G’ (E™) = E)

9.6 Proof of Proposition 11

Existence and uniqueness of the stationary equilibrium with quotas. A station-

ary equilibrium under quota ¢, if it exists, satisfies

with
VEE _ 4 (eK*)l/Q 3 W,
VEN _ 4 (é)l/Q 7 2@&(?3/2,
VNE Z Ko 4 (qQef* 4 (1 - qQ)é)ﬂ/z B W
VN — A (¢QeK* 4 (1 - qQ)é)ﬂm B M.

3

b

Proof for existence follows from proof of Proposition 6 and is due to the
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cultural substitution effect. The uniqueness condition writes as
d(VKK _ VKN) B qQ d(VNN _ VNK)
dq dq
dq

1 _

+(1-q%) <0,

<0,

& — A [(GK*)*% — (qRe" + (1 - qQ)é)ié}

— Ae [(quK* +(1-q%e) - (é)‘%}
—3/2
—q? (;(é —e)2A (¢ 4 (1 - qQ)é)) <0

which is true since ef* < ¢Qef* + (1 — ¢Q)e < &

We shall prove that for some value of € € [ef* eN*], the introduction of the
quota increases the total number of animal, i.e. has a negative impact on global
provision of public good. To do so, we proceed in two steps. In a first step we
show that the introduction of a quota may reduce the number of Pure Kantians

in the economy, i.e ¢2(e™N*) = ¢“F > ¢% (&), for some & € [ef*, eV*[.

We have
d VKKvaN d VNvaNK
@:_ (1qu)( dz b — Q4 az )
de — (VKK _ VKN { NN _ yNK) _ qQ VI VIR ©

dq

The denominator is negative so that % is of the sign of (1—¢®)

de
NN NK
qQ%. We have

KK
dvdé =0,
d‘;:N =@ e,
d‘igK = S0 Q)R A (g 1 (1 - ),
N A +(1-99) P el =) A+ (1-9) ™ = v @),
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In particular,

dVEN 1, ool 12
?‘é:eN* = 5(eN ) P =9 (6N ) <0,

NN _ yyNK - )
%'MM - 71“ — )(eN — KA (e + (1 - g)e™) % <0,

using the FOC for Nash and Pure Kantians and given that eX* < gef* +

Q
(1 — q@)e™M* < eN*. We deduce that dg le—en« > 0. Since we also have

“de
q®?(eN*) = ¢*F we deduce that there exists some value & € [e5X* eV*[ such

that ¢%(e) < ¢~F.

In a second step we interest in the sign of AE = E¢ — BEF,

Let us now compare the total number of animals at the laissez-faire and
under the quota.

We have:

ELF — qLFeK* + (1 _ qLF)eiN*

EQ = Ref* 4 (1-¢%e
We define AE = ELF — EQ
AE:qLFeK* +(1—qLF)e£V* o [quK*+(1 _(]Q)é]

Hence
AE =e"* (¢"F —¢9) + (/" — &) — (¢"Fe)* — q%e)

Hence
AFE = &+ (qLF — qQ) + (eiv* —e)— (qLFeiV* —q¥e—¢"e+ qLFé)
Hence
AE = " (gPF — ¢2) 4 (e — &) — (¢"F (e} — &) + e(¢"F — ¢9))
Let us also define:

Ag = qLF—qQ>O
Ae = e*—e>0

and re-express AFE as
AE = e"*Aq+ Ae — (¢"" Ae + eAq)

Hence,
AE = —(e—ef)Aq+ (1 — ¢")Ae

When the quota raises the number of sheep, we have AE < 0. AF is negative
if and only if
—(e—ef)Ag+ (1 —¢")Ae <0
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which is equivalent to
(1—q¢ ") Ae < (e — e5*)Aq

that is
(1—¢"")/(e— ") < Ag/Ae

This condition certainly does not hold for any value of € (in particular it is
violated at € = e*). Let us study this condition in a neighborhood of e}*. To
do so, take the limit when € tends to el’* for both sides of the inequality. For
the left-hand side, we have

lim (1-¢"7)/(e—e™) = (1—¢"")/(e]™ — )

E—)ei\]*
For the right-hand side, note that

: dgq
hnjlv Ag/Ae = —

e—e de e=elN*

since ¢“F" and ¢@ are values of the function ¢(&) (i.e. the values of the stationary
equilibrium for any €) respectively taken at e¥and é.
Therefore in a neighborhood of e2*, the condition becomes:

dq? (1-¢9)
Tde ¢V T eNx ZeKx)
_(1_qQ)d\/;_‘N|eN* —QQMEN* (1-q9)
(VKK _ VKN | NN _ NK) +qQ%;VNK) x> elN* — e
deN d(VNN _ VNK)
oo (1—g) e — R — Ty
( q ) dé |€N q dé |€N
>
(1- qQ) KK KN NN NK Qd(VNN - VNK)
e (VIR S VER VR V) g . |
We have
d (VNN _yNK 1, n 2 . o\ —3/2
( i )|é:ezv* =5 (eM* —ef*)7 A (g™ + (1 — q)e™™)
and
d (VKK _ KN -1 . o\ —3/2
( - )\a:em = A" (q%"" + (1 - ¢9)e™™) % (1-49),

so that the condition for AE < 0 becomes

dVKN| (1—¢%9)
de 1" 7 eNw _ K
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Let simplify and substitute for VEE — VEN L NN _ YNK a5 well as for

KN
d‘/dé |eN*7

1 N — « A GK* 1/2—A €N* 1/2 % o\ —1/2
—§A(€N) V2 p(eN*)1/2 > ( )eN*—eK(* ) +A (¢%e"* + (1 —¢%9)eMr) .

Remind that due to the FOC for Nash players, we have
—-1/2
A (g9 (1= g)eN) T = ()2,
so that the above condition is equivalent to

A (eK*)1/2 _A (eN*)1/2
€N* _ eK*

1 *\ — * *
—§A(€N) 1/2+¢(6N )1/2 > +’¢(€N )1/2

A (eK*)l/Q _A (eN*)1/2
eN* _ eK*

1
&= ZAE) T >

A (eN*)l/2 _A (eK*)l/Q
eN*_eK* ?

1
AN <

which is true by the concavity of the function f(z) = Ax? (and since eN* >

BK*).

9.7 Proof of Proposition 12

Existence and uniqueness of the stationary equilibrium with quotas. A station-
ary equilibrium under quota ¢, if it exists, satisfies
with
_ 2 €K** 3/2
VEK _ JKxx y (quK** el —qQ)é) /2 ¢( ; ) 7
2 20
VKN —A 1/2 )
@ -
B 2 eK** 3/2
YNK _ KK _ JKxx g (quK** +(1 qu)é) /2 ¢( 5 ) ’

\3/2
VNN _ éA (quK** + (1 _(]Q)é)*l/2 _ 2¢ (g) )

Proof for existence follows from proof of Proposition. Uniqueness requires

deK_VKN vaN_VNK
ra-@2 ) et )
dgq dgq
deK** d(VKK _ VKN) d(VNN _ VNK)
1—¢@ —q¢? =-B<0.
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which is assumed in what follows.

Let us first express the derivative. We have

@ - ( B Q)d(VKK o VKN) B Qd(VNN o VNK)
de 1 de 1 de
deK** d(VKK 7vKN) d(VNvaNK)
_ @ _ Q@
d KK _ yvKN d NN _ yyNK
dq dq
dq deK** deK**

Find out the sign of this derivative is not so easy. Therefore, we directly show

that, for some parameters combination we have AE = EQ — ELF < 0 since it
implies dd% > 0. Using similar arguments than the case of Pure Kantians, we
find that the condition for AE = EQ — EL¥ < 0 when € close to eV** is

dg? o (1=g?) | gdef 1
de e eN**_eK* q de eN**—eK*
d(VKK—VKN) d(VNN—VNK)
/) ek SN S Y PVl S A——— T,
aa-@ T 2,
deK KK _ 1/KN NN _ {/NK
LA (g gV V) edV V)
de deK** dCK**
>
(1- QQ) KK KN NN NK
e el LA G o A 4
d(VKK—VKN) d(VNN—VNK)
S 70/ et L S A VY0 S A V.
( q ) dq |€N + q dq |6N
7d€K** (1ti)d(VKK7VKN)‘ o 7qu(VNN—VNK)| o
dq deK** e d@K** =
Kx*
n qQ de 1 '
dé eN** _ eK*
Note that % =0 = ili‘g;l: and ZZ;N = 0 so that the above condition
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re-writes as

(1- qQ)—_|CN** — qQ—_\eNH
de de
+deK** B deNN‘ -
de 4 gerces et
1— a9
GJE’** _‘Jel){* [VKK _VYEN L yNN _yNK
d(VEK _ /KN d(VNN _ NK
- (1- q%%@m + qQWTV)|eN**
deK** deNN
- 4" e leves
dq de
deK** 1
Q
+ q de €N** _ eK*

When studying introduction of a quota in the case of Pure Kantians, we already

NN NK NN NK
performed %| Nes and d(vdigv)km* and found that

(1—q9) dVMY - VNE)

|6N** = _eN** — eKx dq |5N**'

de
Computing each of the derivatives involved in the above condition one can check
(1-¢%) dVEE-—VEN)

|6N** = _eN** _eK* d(]

that

[ o

de
also,
3 deK** _ d@K** eN** _eK*
dg  de (1—¢9)
lAeK** (qQ Kxx +
_3
q9)e) * —(3/4)(¢? )26K**A (e + (1 —¢9)e)

+

qQ)eN**) -3/2

o

2

L/

and,

dV NN 1 5. " \—3/2
W|6N** = —tieA (quK + (1 — qQ)e)
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Therefore, the condition above re-writes as,

dVEN
— (1 — qQ) de |eNH >

1— g9
elg** :16[){* [VKK _yEN | yNN _yNK

(1/4)(gQ)2 A% eN [ (e + (1 - qcz)é)*?’ﬂ]2
— (3/4)(q9)%ef** A (qQef* + (1 - qQ)é)—% ]

N

q9A (qQef + (1 —¢9)e)
H(1/2)W(ef) 2
Kxx 1

de
Q B
+q dé GN** 76K* :

Let substitute for VEE — VEN 4 NN _ yNE a5 well as for % oo and

rearrange the terms, we find

* * ok = _1/2 N xx 1/2
L o Newy—1/2 Nemy1jz . AT (g% 4 (1 - ¢9)e) — A (")
- §A(e ) / +1/J(€ ) / > eNxx _ oKx

+A(qQ€K**+(17QQ)€N**)_1/2

1 2 A2 K#* N QK Q5 —3/2 2
(U‘QW(QQ) AZet et [(q et +(1—¢q )e) ]
+ 3 5 1
qQUA(q9ef 4+ (1 —qQ)e) 2 — (3/4)(q9)%el A (qRek* + (1 —q@)e) 2 + (1/2)T(ef**)72

qQ deK** 1
(1—qR) de elN** — e+

+

Since, AeX* (quK** +(1 _qQ)é)71/2 < AeKr (eK*)*1/2 —A (eK*)l/Q7 a suf-
ficient condition is
* 1/2 N %% 1/2
1 Ny —1/2 Nxx\1/2 A(GK) *A(e )
- 5"4(6 ) / ‘Hﬁ(e ) / > eNwxx _ oKx

Q)eN**)—1/2

+A (quK** +(1—g¢q
2
(1/4)(qQ)2A2eK**€N** |:(qu1(** + (1 _ qQ)é)—3/2:| W

+
GRA(qReK* + (1 gQ)e) % — (3/4)(qR)2eK** A (qQek ™ + (1 — q@)e) * + (1/2)W(ek )~
qQ deK** 1

(1 _ qQ) de eN** _ CK*

B.

+

Using similar reasoning than for the case of Pure Kantians, we have

1 A eK* 1/2—A eN** 1/2 _
7§A(€N**)71/2+'¢)(€N**)1/2 N ( )eN** — e}((* ) +A (quK** + (1 N qQ)eN**) 1/2,
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so that a sufficient condition for the inequality to hold is

(1/4)(qR)2 A2ef N [(quK** F(1- qQ)eN**)—?»/Qr ﬁ

g2A (¢l 4 (1 - qQ)eN**)—% — (3/4)(q?)2eK A (qReK + (1 — qQ)eN**)_g
+(1/2)W(eK**)~2
qQ deK** 1

B < 0.
+ (1—qRQ) de eN** —ek*

K oko*

Let us substitute for ¢ e

*k *k * % *% —3/2 2
(1/4)(g2)?A%eReN = [ (g2 + (1 q2)eN™) ™" } e
3
2

qQA (quK** + (1 _ qQ)eN**)
(1/2)0(eR )

-3 K
%QQA (quK** + (1 - qQ)@N**) 2 <_1 + %QQ quK**f(lti)eN**) eN**aeK*

_5
2

= =B
_3 _5
qQA (quK** + q _ qQ)eN**) 2 _ (3/4)(qQ)26K**A (quK** +(1— qQ)eN**) 2
+(1/2)W(eR)73 |
<0,
Q Kxx Nxx Q K xx QN Nx*x —3/2 3 Q BK**
S(1/2)(¢9)Ae™ e (qPe + (1 — ¢9)elN*) +B(-1+- 54 0K 1 (1= @) < 0.

We consider two cases.

(i) Suppose that B > 2AqQ(eN** — eK**)2 (qQef** 4 (1 — qQ)eN**)73/2. A
sufficient condition is now,

*k *k *k *k —3/2
(1/2)(q2) AN (qReR 4 (1 — )N ) ™

N lAqQ< Nskx K**) (qQ K**+(1_qQ)6N**)—3/2 ‘|

Q K%
-1 + gq Qe K**Jr(l qQ)eN**

<0

eK**

@R (1—q@)eN+ < 1, a sufficient condition is

Since ¢@ < % and

l(eN** _eK**)Q_ Kxx Nxx
4

This is a polynomial function of eN** which is convex and positive whenever

eV > 6ef** Hence, the condition holds when parameters are such that
eN** > 6€K**.
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(ii) Suppose that B < $Aq@(eN** — ef**)2 (qQef + (1 — qQ)eN**)fg/z. Re-
mind that the condition for AE < 0 is

(1 q@) 22V e — QAT
€ €
K o%* d VKK_VKN d VNN—VNK
A (1 - @) L e — @A) )

>
[ =d?)  gdef 1
eN**ieK* + de eN**feK*

A sufficient condition for this inequality to hold is then

dVKK VKN dVNN VNK
YAV V)| e — RV

)]

—3/2 ]

(14
de dVKK VEN d VNN VNE
+ ede ((l_q ) ( defxx )| Nowx _qQ ( def**
>

%AqQ(eN** _ €K**)2 (quK** + (1 _ qQ)eN**)

1—g@ Kox
| e + e e
That is,
d(VEK _yKN d(VNN_yNK
S i b o St A
deF d(VYN -V
et ((1 _qQ)%kM* _ R« e ) eN**)
>
1 —3/2 def**
*A(]Q(BN** _eK**) (quK** + (1 _qQ)eN**) / Q _|_qQ
2 de
d(VKK—VKN)| N d(VNNivNK)| N d(VKKivKN)| N
e Pr eN#x, Jokw N,

Let substitute for
and rearrange the terms,

*k *k % 3/2
1— g@)ek™ (qRef 4 (1 - qQ)eNe) ™

(1=¢?) | = (3A@E) % —w(er )3
+%QQ<€N** _ eK**)A (quK** + (1 _ qQ) N**)—3/2

+(g9)? 5 AN (g 4 (1 - g9)e) T ——
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This is equivalent to

A(L — q@)eK+ (qQ Kox 4 (1 — qQ)eN**)—3/2
A( N**)fé —\I/( N**) )

/—\M"“

1
(1-4q9) ’ ar
e - AL 1)
* % Koxx *% wx\ —3/2
—BAGREN = ) (0K (1= ) )
>
kK *k *k *k sx) —3/2
queK 1 AqQ(eN*r — efrr) (qReX +(l—qQ)e/N ) /
e *ok ok sx) —3/2
de —qQLAeN* (qQeK* 4 (1 — g@)elV*)

or,

ok Kok s —3/2
— Al (qRefr 4 (1 — ¢@)elV*r) /
(1-q?) | = (3A(¥) 7% — (M)

+%AqQ (quK** + (1 _ qQ)eN**)*S/Q eK**

>

Koxx -

Qde |:2A Q( Q K osx +(1_qQ)€N**)*3/2 (_eK**>

de

q

We can show that

1 - 1
_iAeK** (quK** + (1 _qQ)eN**) 3/2 _ (2

1

A(N)7E qf(eN**)é> >0
and a sufficient condition is
1 *ok % _3/2 *ok
(1—4¢%) [2AqQ (¢Qe" + (1= q9)eN) 7 eX ]

>

QdeK**

de

[2A Q (gReK** 4 (1 — g@)eNr) /7 (—eK**)]

which is equivalent to
deK**

de

which condition always holds.

95



9.8 Proof of Proposition 13

When a = 1/2, the four equations become:

A(qref + (1= g)el) 2 = ()2

A(q ef{** (17(]) N**) 1/271/)(6?[** 1/2

A(qteti(**'i_(l_q) N**) 1/2

_w GK**
+ 5 qtet **A(qteK**+(1_q) N**) 3/2 ( t

‘We have:
* * 71/2 * 1/2
A(qief™ + (1= q)e)’™) — ¢ (ef™) " =0
Hence
N* Kx N* A2
(1*qt)(6t ) +qt€t —WZO
Hence: 2
o2
A= (gef™)” +4(1 *Qt)ﬁ
Hence:

Ne _ —qref +\/qet +41—Qt)

e
t 2(1 — q)

We also have:

N %
€

_qte{{**_~_\2/ qeg(**) +4(1—qt);2—§

K* N

Hence, substituting for e;** in e;'*, we obtain:

vo_ A%+ /()" +40 - a)

Ty 2(1— q1)

Let us now differentiate e;

—1/2
delN+* —a+3 [(QtetK**) +4(1 - )= }

N+* with respect to ef**. We obtain:

2(

Kxx

)Qt

dekr= 2(1— q1)

K 14217 Y2
-1+ [(Qtet **) +(1— Qt)w} qi€y

= Q¢ 2(1_%)
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That expression is negative iff:

2

—1/2
*k _1/2 * % 4A2 kok
(qtef( ) (qtef( +(1—Qt)¢2qte{<**> qtef < 1

1/2
aer ™ < 1
2
qref + (1 — Qt)#;{m

2 44217
{(qtef{ )+ (1—q) ] el < 1

which is true.

Let us now take the FOC for optimal ef** and differentiate with respect to
eff**. We obtain:

-1 *k x| —3/2 86N** -1 *% k) —3/2
A (qeef™™ + (1 — g)el ™) / <Qt +(1—q)— ) + — @A (qel ™ + (1 — q)e) ™) /

e[ ) T 2 t
—1 *x -3 *% wx) —5/2 8€N** 1 v —1/2
+—qer A (el + (1 —qr)er™) R el I il
2 2 de! 2
8EN**
Let us first compute (qt +(1- %)W) :
t
Kxx)2 442 —1/2 Kxx
-1+ {(Qtet )+ (- Qt)w} qeey
11—
a+ (1 —a)a 50—
1 K*x
= @y |1+ thet 75| >0
Kok 2
[(qtetK ) +(1_Qt)4¢i2}
Let factorize the expression:

-1 -3/2 DelN*+ 3 qrel
A et 0= aed™) ™ (0= a) -3

) ( t t ) 865{** 9 (qtef(** + (1 _ qt)eé\f**)

-1 *% ) —3/2 1 oy —1/2
+7%&A (grer ™ + (1 = gr)e)™) - §¢ (er™)

< 0
The rationale goes as follows. Suppose that 1 — 2 acei” > 0.

(qeef*+(1—qi)e} ")
o N *x
Then, given ¢; + (1 — qt)g:%** > 0, the three terms of the sum are negative.

Kxx

Suppose now that 1 — %(qte{(**ﬁii—qt)ei"**) < 0. Let us rewrite the expression
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as:
Qtef{** ]

1 ~3/2 3
i K ok 1— N 1—-—

2 (grel™ + (1 —qr)e; ™) o [ 2 (qef 4+ (1= qr)ef™)

—1/2

)

-1 *k *k _3/2 1 *ok
+7QtA (QtetK +(1—qe ) - §¢ (etK
867{\]** 7§ Qteg(**
2 (qref™ + (1= qr)ef™)

-1 Koxx N *x —3/2
+A? (qeer™ + (1= q)el ™) (1- Qt)ae{(**

We know from the SOC that the sum of the first three terms is negative. But

86?7** _ § qtef{** . .
as 5o < Oand 1—35 (el + (g™ < 0, the last term is also negative.
Let us define:
*ok * % *k 71/2 _1 *k * % *k 73/2 * %k 1/2
F(ef™*) = A(qef™ + (1 —q)er™) +7f1t€5 A(qer™ + (1 —qe ™) 7 = (ef)

> w2 2
b Nex —qref +f/(lhef< ) +4(1*Qt)*$2
where e}’ ** = S0=a) .

‘We know that

F(e™) 0
F'ef™) < 0

We want to compare ef<* and ef**. For that purpose, given the two previous

equations, we have that if /- (ef(*) > 0 then eff* < ef**.
Let us now substitute for ef* in that expression. We obtain:

_ —1 _
* 1/2+7qtef(*14 (qteg(*_'_(l_qt)ei\f*) 3/2—’(/)(61{(*)1/2

rF (ef(*) = A (qtef(* +(1- qt)eiv ) 5
—1/2
A A-2+/(2) + 401 - q)
— Al 1—g)- 2 \/(2) t
2¢ (] 2(1 —q)
5 —3/2
-1 A A A—L+ (%) +4(1 —q) ANYV?
o A G+ (1) —2 \/(2) : —¢<>
2 2 2 (0 2(1 - q) 29
Hence we obtain:
—1/2 ) —-1/2
A(%) (‘I;Jr \/("2‘)2+4(1—qt)>
—1/2 , 3/2 1/2
+3qA (%) <‘12 + \/(%)2 +4(1 - qt)) —Y (%)

Let us now check the sign of that expression. It is positive iff:
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A (%)‘” 2 ( + /(%) +a0 - qﬁ)w
saa(s) " (1Y@ 0-w)  —e(s)”

1/2
Let us multiply the whole expression by (%) . Then:

5 —1/2 N )
qt 2/ (qt
<2+\/<2) +4(1_Qt)> 5 370

1— 54t
30+ f/(%) +4(1—q)

(%) +40 - ) 21
3/2 2
(#+ {7+ 10-w)

We know that the LHS equals - > % when ¢; = 0 and that the LHS
equals 1/2 when ¢ = 1. Plotting the LHS for ¢; € [0, 1] shows that the above
inequality is always satisfied.

Thus we have [ ( ) > 0 implying ef* < ef**,

Note that, since Nash players have, for a given ¢, the same reaction func-
tions, given by:

i

N —qeef +\/q€t + 4( 1—%)
@ = 2(1— qr)
el (wel) 40— g) 2
= 2(1— qr)
and since the reaction functions for Nash players are decreasing in respec-
tively ef* and ef**| the inequality ef* < ef** implies eN* > eV **.

Let us now check whether, under our parametrization, we have Ef = qef* +
(1 _ qt)et > E** — qte{(** + (1 —Qt) N**

We have
Ef = Qti +(1- t)A £t v(%)2 e
2¢ (G 2(1 - qt)
[ Fox B _qtet *+ \/ (qef +4 ]-_Qt)d)z
to= ae (11— @) 201 *Qt)
We have

_qtetI(** 4 \/ q e{{** +4(1 _Qt)%;
2(1 - qr)

E** _ qtetK** (1 _ qt
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Let us simplify further:

Kx 2 Kx)2 4 A?
e+ ([ (aef™)” + (1—%)ﬁ
Kk 2 K A2
(CItef( + \/(qte{( )2 +4(1 - %)W>

B =

N | =

ko _
B =

N =

We have:

2

* ok %\ 2 A2 k) 2 A s,k *
Ef < B — i/(qtef( ) 41— qt)w—\z/(qtef ) +4(1 - qt)$ <q (e —efr)
Obviously, when ¢; = 0 or ¢; = 1, the LHS is equal to the RHS.
The function </(th)2 +4(1 - Qt)% being increasing in x, and ef* < el
we have that the LHS is negative. But the RHS is always positive, since, ef** >
elf*. Hence the inequality is always satisfied.

100



