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Abstract

What accounts for economic growth and prosperity? What stands at their origin? Recent
literature typically searches for single univariate causal explanations: institutions, culture,
human capital, geography. In this paper we provide instead a first theoretical modeling of the
interaction between different possible explanations for growth and prosperity (in particular,
between culture and institutions) and their effects on economic activity. Depending on the
economic environment, culture and institutions might complement each other, giving rise to
a multiplier effect, or on the contrary they can act as substitutes, contrasting each other and
limiting their combined ability to spur economic activity. By means of examples we show how
the dynamics may display non-ergodic behavior, hysteresis, oscillating behaviors and interest-

ing comparatve dynamics .
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1 Introduction

?Era questo un ordine buono, quando i cittadini erano buoni [...] ma diventati i cittadini cattivi, divento’

tale ordine pessimo.”!; Niccolo’ Machiavelli, Discorsi, 1. 16, 1531

[...] 7among a people generally corrupt, liberty cannot long exist.” Edmund Burke, Letter to the Sheriffs
of Bristol (1777-04-03).

?If there be no virtue among us, no form of government can render us secure. To suppose that any form
of government will secure liberty or happiness without any virtue in the people is an illusion.” James Madison,

20 June 1788, Papers 11:163

The distribution of income across countries in the world is very unequal: according to World
Bank data 2015, U.S. GDP per capita in international dollars is 71 times that of the Democratic
Republic of Congo, 58 times that of Niger, 9 times that of India and 3 times that of Brazil, for
instance. But what makes a poor country poor and a rich country rich? What accounts for
economic growth and prosperity? What stands at its origin?

The question of origin is typically translated, in the economic literature, into one of causation
in the language statistics and econometrics. Furthermore, often a single univariate cause is
searched for and different possible causes are run one against each other. Acemoglu and Robinson
(2012), for instance, argue explicitly against each one of several potential alternative causes
(geography, culture, ignorance; Ch. 2, Theories that don’t work) before laying their argument in
favor of institutions in the rest of the volume.

Establishing institutions as the main cause of economic growth, even if in different specific
contexts, is not always devoid of problems.? It essentially requires historical natural experiments
where institutions are varied in geographical units with common geographical characteristics,

culture, and other possible socio-economic determinants of future prosperity.> However, in many

!This was a good institutional order when citizens were good |...] but when citizen became bad, it turned into
an horrible order; our translation

2Besides the arguments following, there are also methodological reasons to be skeptical about the concept of
causation when facing slow-moving non-stationary processes (as, arguably is long-run history). For instance, the
origin of the Mafia in Sicily has been reduced with good arguments to a price shock on sulfur an lemon in the
1850’s (Buonanno, Durante, Prarolo, and Vanin, 2012); to the lack of city states in the XIV’th century - in turn
a consequence of Norman domination (Guiso, Sapienza, and Zingales, 2007); to the Paleolithic split into nomadic
pastoralism in 7th millenium B.C. (Alinei, 2007).

We might even suggest ironically that a single origin of economic growth and prosperity is a myth, like the one
about the birth of all languages after the Christian God’s destruction of the Babel’s Tower, an “event” which was

indeed ”accurately” dated, allegedly on May 5th, 1491 B.C. by James Ussher, in 1650.
3Successful examples include: the institutional design of colonial empires, the more extractive the higher settlers’

mortality rates (Acemoglu and Robinson, 2001); the spanish colonial policy regarding the forced mining labor
system in Peru’ (Dell, 2010); the U.S.-Mexico border separating the city of Nogales (Acemoglu and Robinson,
2010); the border separating the island of Hispaniola into two distinct political and institutional systems, Haiti and
the Dominican Republic (Diamond, 2010).



of these examples, the assumption that the distinct institutions originated in the natural experi-
ment arise in otherwise common cultural, geographical, environments is disputable. For instance,
settlers’ mortality rates could be correlated with natives mortality rates and hence pre-colonial
development (see e.g., Alsan, 2012, on the habitat for the Tse-Tse fly in Africa). Furthermore,
even the identification of the historical natural experiment as a change in institution is often de-
batable, as institutions generally reflect the cultural attitudes of the institution builders. Fischer
(1989), for instance, studies institution formation during the early immigration waves in North
America, showing how the cultural origins of the different groups of migrants (Puritans, Cavaliers,
Quakers, Scots-Irish) affected the institutions they set in place; see also the well-know analysis
by Greif (1994) of the institutional set-up of the Genoese and Maghrebi traders and Ben-Ner and
Putterman (1998).* Finally, similar arguments have been produced for culture as the cause of
prosperity, historically identifying instances of cultural variation in environments with a common
institutional set-up.”

Even when not problematic, these causal analyses disregard the interactions between various
determinant of economic growth: for instance, the same institutional change may have differential
effects according to different cultural environments. Instances where this is the case have indeed
been extensively documented.® The main reference in this respect of course is the work of Put-
nam on social capital, following the differential effects in the North and in the South of Italy of
the institutional decentralization of the 60’s and 70’s (Putnam, 1993).” More generally, instances
where institutions and cultural traits have manifestly jointly contributed to the development or
the disruption of economic activity are common. This is the case for instance of Italian indepen-
dent city states in the Renaissance (Guiso, Sapienza, and Zingales, 2007, 2008), industrialization
and social capital in Indonesia (Miguel, 2003), the technology of plough, patriarchal institutions
and gender attitudes (Alesina and Giuliano, 2011), the authoritarian culture of the sugar plan-

tation regions of Cuba operated with slave labor as opposed to the with liberal culture of the

“Even the institutional changes in Medieval England from the Magna Charta onwards, which arguably stand at
the origin of British prosperity and the Industrial Revolution (Acemoglu and Robinson, 2010) could be attributed
to a general bourgeois culture as forcefully argued by McCloskey (2006, 2010). The same can be said for the
formation of Italian independent city states in the Renaissance (Guiso, Sapienza, and Zingales, 2007 and 2008).

SWhile perhaps the first example of such kind of analysis is Weber’s protestant ethic arguments (Weber, 1930),
recent examples include the effects of the slave trade on trust within african tribes differently exposed to it but
with similar institutional set-up (Nunn and Wantchekon, 2009); individual values about the scope of application
of norms of good conduct in Europe (Tabellini, 2008a).

6See Alesina and Giuliano (2015) for a related argument, accompanied by a comprehensive survey of this
literature; along similar lines, see also Nunn (2012).

"More recently, see e.g., Durante, Labartino, and Perotti, 2011, on university reform in Italy; Nannicini, Stella,
Tabellini, and Troiano, 2010 on voting reform again in Italy; Mauro and Pigliaru (2012) on how culture has different
effects when political institutions are centralized or decentralized; Grosjean (2011) on the traditonal (Scottish-Irish)
pastoral society honor code in the U.S.; Minasyan (2014) on the effects of development aid institutions depending

on donor-recipient cultural differences.



tobacco farms (Ortiz, 1963).% Even the presumption that culture is fundamentally immutable in
the relevant time-frame, that is, changing at a much more slower pace than institutions, seems
unfounded. Attitudes towards redistribution after the institution of welfare states in Europe, for
instance, (Alesina and Angeletos, 2005; Alesina and Giuliano, 2010) and in East Germany after
unification (Alesina and Fuchs Schuendeln, 2005) also changed very rapidly. So did in various
instances the applications of the honor code studied by Appiah (2010). This is also arguably
the case for social/civic/human capital after colonization (Glaeser, La Porta, Lopez-de-Silanez,
Shleifer, 2004; Easterly and Levine, 2012; and Bisin and Kulkarni, 2012) and for various social
preferences after the creation of the Kuba Kingdom in the early 17th century Africa (Lowes et
al., 2015).”

Motivated by (this reading of) this literature, therefore, we study socio-economic environ-
ments in which culture and institutions jointly evolve and interact. While the existing related
theoretical literature is very thin, one such environment has been studied by Greif and Tabellini
(2010, 2011), where norms of coorperation (local vs. global) interact with institutional set-ups
(informal vs. formal, clan vs. cities) to determine distinct paths of economic activity (China vs.
Europe). Our objective is to develop an abstract model of culture, institutions, and their joint
dynamics. While we aim at an abstract model, we are not after full generality. Rather we aim
at a simple model which could help identify conditions under which the interaction of culture
and institutions produces specific outcomes of interest. In these environments the origin, and
hence the causation, question loses most of its interest: culture and institutions are jointly and
endogenously determined and they jointly affect economic growth and prosperity, indeed all sorts
of economic activity.'” The focus is moved from the cause (both culture and/or institution can
have causal effects) to the process as determined by the interaction.

By means of specific examples, we then characterize conditions under which cultural and
institutional dynamics reinforce a specific (e.g., desirable) socio-economic equilibrium pattern,
and economies in which on the contrary the interaction between culture and institutions ends-
up weakening this equilibrium outcome. In this context, we can define the cultural multiplier,
as the ratio of the total effect of institutional change divided by the direct effect, that is, the

8Relatedly, there is also evidence on the complementarity between culture and organization of firms: see e.g., La
Porta, Lopez de Silanes, Shleifer, and Vishny (1997) on the effect of trust on firm size; Aghion, Algan, Cajuc, and
Shleifer (2010) on the complementarity between distrust and regulation in a model with multiple equilibria; Bloom,
Sadun, and Van Reenen (2012) on the organization of firms across countries, and in particular its relationship to

culture.

9An example of a rapid joint change of institutions and culture induce by pro-active policies is the case of the
fight against corruption in Hong Kong in the last decades which was driven by institutional change but engendered
a deep modification of norms and attitudes towards corruption in the population in just a few years (Clark, 1987
and 1989; see also Hauk and Saez-Marti’, 2002).

10This view is already clear in N. Machiavelli, as well as in E. Burke and in J. Madison, as the quotes at the

outset demonstrates.



counterfactual effect which would have occurred had the distribution of cultural traits in the
population remained constant after the instritutional change. These examples also display other
interesting properties of the dynamics of culture and institutions, e.g., non-ergodic behavior, in
which initial conditions determine important qualitative properties of their evolution, as well as
of the stationary state the process converges to. Finally, we indicate how oscillations, cycles and
other interesting complex behaviors can emerge from the interaction of culture and institutions.

We proceed, in turn, with an abstract model of the dynamics of of institutions (Section 2)
and then with an abstract model of cultural evolution (Section 3). We then study the interaction
of the two (Section 4). Finally, three examples aim at illustrating the analyis and the different

forms of interactions (Section 5).

2 A simple model of the dynamics of institutions

We conceptualize institutions as mechanisms through which social choices are delineated and
implemented. This is in line with the recent work effort by Acemoglu, Johnson, and Robin-
son in various pathbreaking contributions (surveyed in Acemoglu, Johnson, and Robinson, 2006)
on economic and political institutions; see also Acemoglu, Egorov, and Sonin (2014). In their
view, political institutions are mechanisms for the distribution of political power across different
socio-economic groups. It is in turn political power which determines economic institutions which
govern (incentivize and constrain) economic activity. In most of their analysis, political institu-
tions represent the mechanism through which the conflict between de jure and de facto political
power is resolved into a social choice problem whose outcome are specific economic institutions.
More specifically, in Acemoglu (2003) e.g., institutions are represented by an indicator of which
political pressure group has the power to control social choice. Institutional change is then the
result of voluntary concessions by the controlling group typically under threats of social conflict.!
This is also the approach taken by Acemoglu and Robinson (2006) to study more specifically the
shift between dictatorship and democracy and viceversa. More generally, institutional change
can represent an effective commitment mechanism on the part of one political group to extract
resources from the others; this is the case, for instance in Besley and Persson (2009a,b, 2010), who
study a society with pressure groups alternating in the power to control economic institutions
regarding taxation and contractual enforcement.!'?

While we share with this literature the view of institutional change as a commitment mecha-
nism, we depart from its notion of political power and control as embedded in one single group.

Specifically, we model institutions as Pareto weights associated to the different groups in the so-

"1evine and Modica (2012) and Belloc and Bowles (2012) take a different, explicitly evolutionary, approach to

the dynamics of institutions.
2 Along these lines, Angelucci and Meraglia (2013) study charters to city states in the early Renaissance in

Europe as concessions from the king to citizens to check and control the extractive power of fiscal bureaucracies.



cial choice problem.'® This allows us to view institutional change as more incremental (formally,
a continuous rather than a discrete change in political control) than just revolutions and regime

changes'*.

It also allows us to eschew relying necessarily on social conflict as an explanation
of institutional change: institutional change can much more generally occur as a mechanism to
imperfectly and indirectly internalize the lack of commitment and the externalities which plague
social choice problems; social conflict being only one of them and not necessarily the most preva-

lent in history.'”

Consider a society with a continuum of agents separated into distinct groups defined in terms
of relevant characteristics, i.e., political power and cultural traits.'® We shall assume first that
political and cultural groups are aligned and indexed by ¢ € I. In Section 5 and in several of
the examples in Section 6 we allow for distinct groups (with no substantial effects on the general
analysis). In this paper we also restrict for simplicity to dychotomous groups, that is I = {1,2}.17

Let a' denote the action of agents of group i and a = {a',a?} the vector profile of actions,
which we assume lies in some compact set. Let p denote economic policy in society, also in some
compact set.'® Let ¢* denote the fraction of agents of group 4 in the population, with Yoicl ¢ =1
We adopt the shorthand ¢* = ¢, ¢> =1 —q.

The preferences of the fraction of agents belonging to group (¢) are represented by an indirect

utility function:

ut (ai,p;a, q) ) (1)

13See also Guimaraes and Sheedy (2010) who ground the study of institutions in the theory of coalition formation;

and Lagunoff (2008) who provides a general study of the theoretical properties of political economy equilibria with
dynamic endogenous institutions.
This approach is consistent with the view expanded by Mahoney and Thelen (2010) whereby institutional

change occurs through gradual and piecemeal changes that only ‘show up’ or ‘register’ as change if a somewhat long
time frame is considered. Mahoney and Thelen (2010) distinguish between four modal types of such institutional

change: displacement, layering, drift, and conversion.

15F.g., Lizzeri and Persico (2004) challenge Acemoglu and Robinson (2000, 2001, 2003) and Conley and Temimi
(2001)’s rationalization of the extension of the franchise in early nineteenth century England, as an effect of
threats to the stablished order. They argue instead that such institutional change had been motivated by the
necessary evolution of public spending which required a commitment to limit particularistic politics in favor of
public programs.

16Groups can of course be defined also in terms of resources, technologies, and so on. But we shall abstract from
these characteristics for simplicity in the paper.

"With more than two groups the issue of coalition formation in institutional set-up and change becomes central.
We leave this for a subsequent paper. The dynamics of n > 2 cultural traits has been studied by Bisin, Topa and
Verdier (2009) and Montgomery (2009).

BOf course policies might be multi-dimensional, an extension we avoid for simplicity. Also, without loss of
generality we could add a parametrization of the component of economic institutions which acts directly on the

economic environment. We avoid clogging the notation when not necessary.



The dependence of u’ on a captures indirectly any externality in the economy. The dependence of
u' on ¢ captures instead indirectly the dependence of technologies and resources on the distribution
of the population by groups. A natural example would have the externality being represented by
the mean action in the population: A = ga' + (1 — q)a?.

In this society, we identify political institutions with the weights of the groups i € I = {1,2}
in the social choice problem which determines economic policies. Let 8¢ > 0, denote the weight
associated to group 4, with >, ; B" = 1. Again, we adopt the shorthand 8 = 8, 8% =1 — .

2.1 Societal optimum and equilibria (given institutions and cultural distribu-
tion)

7[...] gli assai uomini non si accordano mai ad una legge nuova che riguardi uno nuovo ordine nella citta’
se non e’ mostro loro da una necessita’ che bisogni farlo; e non potendo venire questa necessita’ sanza pericolo,
e’ facil cosa che quella republica rovini, avanti che la si sia condotta a una perfezione d’ordine.”?; Niccolo’

Machiavelli, Discorsi, 1. 2, 1531.

The societal optimum given institutions 5 and cultural distribution ¢ is a tuple {aef fopelt }
such that:

{a/7 p=IT} € argmax B u' (a',pia,q) + (1 — B) u? (a®,p;a,q). (2)

The social optimum will be generally unattainable in our economy. We introduce instead
two distinct equilibrium concept which will play a fundamental role in our analysis. The societal

equilibrium given institutions [ and cultural distribution q is a tuple {a, p} such that:

p € argmax, 3 u' (al,p; a, q) +(1-p)u? (a2,p; a, q) 3)
a' € argmax, u'(a,p;a,q) i€l ={1,2}
That is, the societal equilibrium is a Nash equilibrium of the societal game between agents of the
two groups and the policy maker operating in an institutional set-up characterized by weights
and cultural distribution ¢. Note that this simple formulation of the societal equilibrium in fact
captures lack of commitment on the part of the policy maker, who is not allowed to pick the
policy p in advance of the choices of the economic agents.?"
To model a policy maker with commitment, we define instead the societal commitment equi-

librium given institutions 8 and cultural distribution q as the Stackelberg Nash equilibrium of the

191...] the majority of people will never agree to a new institutional order for the city unless necessary; and since
necessity cannot come without danger, it is easily the case that institutions get into ruins before being perfected
in a new order; our translation.

2ONo issues other than notational ones are involved in modeling a policy maker choosing after the economic

agents, thereby strengthening its lack of commitment.



same game, where the policy maker is assumed to be the leader; that is, as a tuple {a®™, p®™}
such that:

{acomjpcom} € argmax 5 ul (alap;av q) + (1 - B) 'LL2 (a2ap; a, Q) (4)
st. a' € argmax, u' (a,p;a,q), i€l ={1,2} '

Under general conditions the societal optimum,?' the societal equilibrium, and the societal

commitment equilibrium are distinct. More precisely,

Proposition 1 Given any institutions 5 and cultural distribution q, the societal equilibrium
and the societal commitment equilibrium are both weakly inefficient, that is, they are weakly
dominated by the societal optimum. On the other hand, the societal commitment equilibrium

weakly dominates the societal equilibrium.

Proof. The statement is a straightforward consequence of the fact that, for any (3, q): 1)
problem (4), which defines a societal commitment equilibrium , is a constrained version of problem
(2), which in turn defines a societal optimum; ii) any societal equilibrium satisfying (3) is always
contained in the constrained feasible set of problem (4), which defines a societal commitment

equilibrium.*? |

2.2 Institutional design (given cultural distribution)

Future political and economic institutions are designed each generation by the present institu-
tional set-up. We assume that institutional design is myopic, that is, institutions are designed
for the future as if they would never be designed anew in the forward future.??

Making the dependence on (3, q) explicit, the societal equilibrium, the societal commitment

equilibrium, and the societal optimum can be denoted, respectively:

[a(83,),p(8,9)]; [@“"™(B,9),p"™(B,q)]; {aef 1(B.a),p"7 (8, q)

A simple formulation of the design and hence of the dynamics of institutions can be obtained

under the following regularity assumptions.?*

2Tn the interest of lightness, we drop, from now on the qualifier ”given institutions 3 and cultural distribution
q” when referring to the equilibrium concepts in the paper.

220f course, under robust conditions - in particular in all examples we study - domination holds strictly.

231t would be natural to consider a greater degree of institutional forward lookingness whereby current institu-
tional changes would take into account the possibility for institutions to eventually continue to evolve in the future.
The assumption of one step-forward institutional myopia allows our analysis of the coevolution between institutions
and culture to remain tractable. For an analysis of the institutional evolution in a completely rational model but

without cultural evolution see Lagunoff (2008), and Acemoglu, Egorov and Sonin (2015).
24 Assumptions 1-2 require obvious but stringent monotone comparative statics requirements for societal equilibria.

In the Appendix we spell out regularity conditions on utility functions that ensure the desired comparative statics

properties.



Assumption 1 Utility functions are sufficiently reqular so that

a(f,q), p(B,q), a*™(6,q), p*"(B,q) are continuous functions.

Assumption 2 Utility functions are sufficiently regular so that p(f,q) is monotonic in 3.

Institutions then evolve as a solution to the following design problem:

i Bu (a'(8,d),p(B.d)a(B.d)) + (1 —B)u?(a*(B.d),p(B.d)alB.q)). (5
Adding an index t to denote time,

Proposition 2 Under Assumptions 1-2, and given (qi,qi+1), the dynamics of institutions (3, is

governed by the following implicit difference equation:

B such that p®™(By, ge+1) = p(B, qe+1) if it exists
By = L if p™(By, aev1) > p(B, qer1), YOS B <1
0 ifpcom(ﬂt>Qt+1) < p(ﬁathrl)’ v0 S /6 S 1

(6)

else

These dynamics can be intuitively interpreted as follows. At any time ¢, current institutions
B, induce the choice p(5;, ¢:) at equilibrium. But they would rather prefer the choice p®™(53;, ¢).
Therefore, when designing institutions for time ¢ + 1, current institutions design (”delegate to”)
institutions guaranteeing p®™ (S, ¢+1) whenever possible at equilibrium; that is, they design
("delegate to”) institutions (B, such that p(B,1,qi+1) = P (B¢, @t+1). Whenever this is not
possible, under our assumptions, they will design (”delegate to”) institutions guaranteeing at

By qet1)-
To characterize the stationary states of the dynamics of institutions and their stability prop-

equilibrium a policy choice p as close as possible to p©™(

erties, it is convenient to define P(f3, q) := p°°™ (8, q) — p(83, q).>°For a given society characterized
by institutions S and cultural population ¢, P(f3, q) is an indicator of the extent of the policy com-
mitment problem faced by such society, and how institutional change may resolve such problem.
Intuitively, the absolute value of P(f, ¢) indicates the intensity of the commitment problem as it
reflects the distance between what can best be achieved under commitment and what is actually
achieved in the policy game. The sign of P(f3,q) on the other hand indicates the direction of

institutional change in 8 that needs to be implemented to resolve the commitment problem.

#We collect here the properties of (6) which are most relevant in our subsequent analysis. A more complete
global stability analysis is not particularly complex but is tedious. We relegate it to the Appendix.



Proposition 3 Under Assumption 1-2, for any given q, the dynamics of institutions governed
by (6) have at least one stationary state. An interior stationary state * obtains as a solution
to P(B,q) = 0. The boundary stationary state B = 1 obtains when P(f3,q) |g=1> 0; while the
boundary stationary state B = 0 obtains when P(B,q) |g=0< 0.25 In the continuous time limit,

the dynamics governed by (6) satisfies the following properties:

- if P(B,q) > 0 for any B € [0,1], then § =1 is a globally stable stationary state;
- if P(B,q) <0 for any B € [0,1], then § =0 is a globally stable stationary state;
- any boundary stationary state is always locally stable;

- if an interior stationary state 5* exists, it is locally stable if %;’(1) < 0.

Remark 1 Assumption 2 implies that the extremal stationary states can only correspond to the
corners of the dynamics; that is, f° = 0,1.27 More importantly, when Assumption 2 is not
satisfied the dynamics of institution might generally be undetermined, as P((3,q) = 0 might not
have a unique solution in 3. Furthermore, in this case, the dynamics of institutions can easily
give rise to limit cycles. Consider for instance the example in Figure 1, with initial condition (3,
where the path B,— > [By— > [ constitutes such a limit cycle for a particular selection of the
solutions to P(B,q) = 0.

[Figure 1 about here]

2.3 Inefficient institutions

It is not generally the case in our set-up that institutions are efficient in a stationary state. By
combining the results of Proposition 1 and Proposition 3 we obtain that a stationary soctetal equi-
librium at best constitutes a societal commitment equilibrium for some institutions. In particular,
the societal commitment equilibrium will not represent a societal optimum when the government
policy p does not span the whole set of possible values of the vector profile a. In other words, the
institutional dynamics provides a tendency towards efficiency but i) generally not all the way to-
wards a societal optimal, and ii) for a specific institutional set-up, that is, not necessarily towards

a Pareto improvement. Several of the examples we study clearly demonstrate these points.

26Note that we arbitrarily define 3 = 1 (resp. 8 = 0) as an interior stationary state if P(3,q") |s=1= 0 (resp.
P(8,4") |s=0=0).

2"See the Appendix A for a formal generalization of equation (6).



3 A simple model of the dynamics of cultural traits

We conceptualize culture as preference traits, norms, and attitudes which can be transmitted
across generations by means of various socialization practices or can be acquired through socio-
economic interactions between peers. Models of the population dynamics of cultural traits along
these lines have been extensively studied in the social sciences and in biology.”®

Cultural transmission is modeled as the result of direct vertical (parental) socialization and

horizontal/oblique socialization in society at large:

i) direct vertical socialization to the parent’s trait i € I = {1,2} occurs with probability d’;

ii) if a child from a family with trait ¢ is not directly socialized, which occurs with probability
1 — d*, he/she is horizontally /obliquely socialized by picking the trait of a role model cho-
sen randomly in the population inside the political group (i.e., he/she picks trait ¢ with

probability ¢' and trait i’ # 7 with probability q-.

If we let P denote the probability that a child, in (a family in) group ¢ € I is socialized to
trait ¢/, we obtain:
P =d 4+ (1-d)q" (7)

Let V”/(ﬁ ,q) denote the utility to a cultural trait ¢ parent of a type ¢’ child. It depends on
the institutional set-up and the cultural distribution the child will face when he/she will make

. . .« . ;!
his/her economic decision a' :

Vii/(ﬁ,q) — (ai’(lg’ q)7p(5,q);a(5,(1)vQ) ®)

Let C(d') denote socialization costs. Direct socialization, for any i € I = {1,2}, is then the

solution to the following parental socialization problem:

—C(d* pii'yi Ct (7).
e, ( )+il§ (8,9), s. t. (7)

As usual in this literature, define AV*(3,q) = V¥(3,q) — V”/(B, q) as the cultural intolerance

of trait ¢. It follows that the direct socialization, with some notational abuse, has the form:
di :dl(%AVl(B:(D) :dl(/B7Q)v 1€l = {172} (9)

Let D(B,q) = d*(8,q) — d?(B, q).

Z8For an economic approach see a series of papers by Bisin and Verdier (1998, 2000a, 2001a) which build on
the work of Cavalli-Sforza and Feldman (1973, 1981) in evolutionary biology and of Boyd and Richerson (1985)

in anthropology; see Bisin and Verdier (2010) for a recent survey. We briefly introduce them here again for

completeness and we refer the reader to the survey for the many details and extensions omitted here.

10



Assumption 3 Utility and socialization cost functions are sufficiently regular so that
d' = d'(B,q) is continuous in (3,q), for any i € I = {1,2}.

Adding an index t, the dynamics of the distribution of the population by cultural trait ¢ is
straightforwardly determined by:

Proposition 4 Under Assumption 3, and given B, 1, the dynamics of culture q; is governed by

the following difference equation:

Gt+1 — @ = (1 — 1) D(By g1, qe41) (10)

- The dynamics of culture governed by (10) have at least the two boundary stationary states, ¢ = 0
and ¢ = 1. An interior stationary states 0 < ¢* < 1 obtains as a solution to D'(3,q) = 0.In the

continuous time limit, the dynamics governed by (10) satisfies the following properties:

if D(B,q) > 0 for any q € [0,1], then ¢ converges to q =1 from any initial condition gy > 0;
- if D(B,q) <0 for any q € [0,1], then g converges to g =0 from any initial condition qp < 1;
- if D(B,1) > 0, then g =1 is locally stable ;

- if D(,0) <0, then g =0 is locally stable;

9D(B,q*)

- if an interior stationary state q* exists, and —b — < 0, it is locally stable.

It is often convenient to impose the following assumption (we do so in the examples as it

simplifies the study of of the dynamics of culture essentially without loss of generality).
Assumption 4 Socialization costs are quadratic:

(@)

C(d") =

N[ =

The following corollary characterizes the resulting simplification:

Corollary 1 Under Assumption 4,

D(8,q) = AV'(B,9)q — AV*(8,)(1 - q),
and hence interior steady states are characterized by solutions to:

AV'(B.a) _ _q (1)
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4 Joint evolution of culture and institutions

Under Assumptions 1-3, the joint dynamics of institutions and culture is governed by the system

(6,10), which we report here for convenience:

B such that p“™(By, ge4+1) = p(B, qe+1) if it exists,
Biy1 = 1 p(By ger1) > p(Br 1), VOSB <1
0 if p™(By, qv1) < (B, q41), YOS <1
g1 — @ = q(1—q)D(Bii1,q+1)-

Very little can be proved in general about the non-linear dynamical system (6,10); as a
consequence we will turn to phase-diagrams in specific examples. We can nonetheless show the

following:%’

Proposition 5 Under Assumptions 1-3 the dynamical system (6,10) has at least one stationary

state.

Furthermore, any interior stationary state (8%, ¢*) solves the following system of equations:

PB,q) = p*"(B,q) —p“"(B,q) =0 (12)

AVip) ¢ _
AV 1_qandp—p(b’,Q)

Let 5 = 3 (q) be the steady state manifold associated with the first equation in (56) and ¢(8) =
q(p) with p =p (B, q), with some notational abuse, be the steady state interior cultural manifold
associated with the second equation. Note that g (p) is actually a well defined function taking
values in [0,1] .%°

A more detailed analysis of the stability properties of the non-linear dynamical system (6,10),
is possible under more stringent assumptions. First to simplify the analysis, we may consider
the continuous time limit of the system, where the change in institutional set-up and cultural
composition between time ¢ and ¢ + dt are Adt and pdt, for dt — 0.3!(see the appendix). Second,

we also impose the following preference separability condition:

29The proof is detailed in Appendix B.

307 (p) € [0,1] is the unique solution of the following equation

AVip) _ g

AV2(p) 1-g¢q

31 As is well known, discrete time dynamics may generate complex dynamic behaviors that are difficult to char-

acterize and go beyond the points we want to emphasize about the co-evolution between culture and institutions.
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Assumption 5 Agents’ preferences satisfy
u' (a',p;a,q') = ' (a',p) + H'(p;a,q"), SpP

Assumption 5 implies that the policy instrument p affects the optimal private actions, a’,
independently of the economy-level aggregates a and ¢*. This in turn implies that the socialization
incentives AV depend only on the equilibrium policy level p.

We say that institutional and cultural dynamics are complementary at (8*,¢*) when the

steady state manifolds 5(q) and ¢(8) have slopes of the same sign.

dB(q) dg(B)
dq and 5

Conversely we say that institutional and cultural dynamics are substitutes at (8%, ¢*) when

have the same sign.

the slopes have opposite signs.

The non linear nature of the interaction between culture and institutions suggests that even
in the context of a local stable steady state, the joint of evolution of cultural and institutional
change may not be monotonic over time; that is the system may exhibit oscillations and cycles.

Sufficient conditions to rule out oscillatory dynamics are obtained in the following:

Proposition 6 Assume that (8*,q*) is a locally stable interior steady state of the (continuous-
time approximation to the) non-linear dynamical system (6, 10). Then the local dynamics of
culture and institutions show no converging cycles (dampening oscillations) if institutional and

cultural dynamics are complementary.

From this result, it follows that a necessary condition for the existence of dampening oscilla-
tions in institutional and cultural changes is that the steady state manifolds ¢(/) and [ (q) are
of opposite signs, namely that institutions and culture are dynamic substitutes

One may actually derive a specific condition to ensure the existence of a stable spiral steady
state (see appendix). Such condition essentially states that when institutional and cultural dy-
namics are substitutes, there is an intermediate range of relative rates of change p/\ between
culture and institutions such that the system displays non monotonic dynamics in institutional
and cultural change close to the stable steady state (5%, ¢*).

An interesting question is of course whether the dynamical system (6,10) (25) can generate
limit cycles (periodic orbits) in institutional and cultural dynamics. In this respect, a simple

application of the Bendixon Negative Criterion provides also have the following negative result:

Proposition 7 Assume that the steady state institution $* is locally stable when culture remains
constant at ¢ = ¢* along the institutional dynamics, and conversely that the cultural steady state

q = q* is locally stable when the institutional context remains constant at B = (*along the
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cultural dynamics. Then there cannot be periodic orbits and limit cycles in institutional and

cultural evolution in the neighborhood of (8*,q*).**

4.1 The cultural multiplier

In this section we study the comparative dynamics on institutions and culture. More specifically,
we study conditions under which the effects of a shock are reinforced by the interaction of culture
and institutions. To this end, we introduce and study the concept of cultural (resp. institu-
tional) multiplier, the ratio of the long run change in institutions (resp. culture) relatively to the
counterfactual long run change that would have happened had the cultural composition (resp.
institutional set-up) of society remained fixed. In fact, motivated by the literature discussed in
the Introduction, which stresses the economic effects of institutions for given cultural composi-
tion, we shall concentrate on the cultural multiplier, under the understanding that symmetric
arguments and conditions hold for the institutional multiplier.

Consider the effects of a change in a parameter v at a stable interior stationary state of
the dynamics, (8%, ¢*) € (0, 1)2. Adding explicit reference to v in the notation, we restrict the
arbitrary components of the environment as follows. First of all, we define the parameter ~
so that, locally at the steady state, it increases both the policy p as well as the extent of the
commitment problem: . . .

dpc"m(gv,q ) dp(ﬁd,vq ) S,
Furthermore, we define the relative characteristics of the groups, so that the members of group 1

(with institutional power ) aim at a relatively larger policy level, p:

Ip(B*,q*,)
p

As a consequence, a positive change in 7 induces a process of convergence to a new steady state

> 0.

with a larger 8 to promote a larger value of the societal equilibrium policy p; that is, in the
absence of cultural change 8 would increase: <%> > 0.
q9=q*

We can now define the Cultural multiplier on institutional change m, at (5%, ¢*) as

- (£)(E) -

The following proposition characterizes then conditions under which the cultural multiplier is

positive:

32By the same token, when the institutional dynamics admit a global stable steady state 3 (q) for any value
q € [0,1] and the cultural dynamics admit a global steady state ¢ (8) for any value 8 € [0,1], one can also show
the global result that in the full domain (8, ¢) € [0, 1], there is no periodic orbits and limit cycles in institutional

and cultural evolution.

14



Proposition 8 The cultural multiplier m is positive if and only if the institutional and cultural

dynamics are complementary (resp. substitute).

The concept of cultural multiplier is related to whether institutional change and cultural
change are dynamic complements or substitutes. When the slopes of 8 (¢q) and ¢(8) have the
same sign, institutional and cultural evolutions are dynamic complements and the cultural mul-
tiplier is positive. Suppose that culture and institutions are complements in the sense that
%(f) and %ﬁﬁ) > 0. Then in our environment an increase in -y is set to induce an increase in
5. Because of complementarity, this in turn promotes an increase in ¢ which feedbacks posi-
tively on the institutional weight 5. Any exogenous change in institutions is amplified by the
associated cultural dynamics that co-evolve with institutions. Conversely, an institutional change
would be mitigated by cultural changes (i.e., the cultural multiplier is negative) when culture and
institution are substitutes, that is, when the slopes of § (¢) and ¢(p) have opposite signs.

It is worth to develop more of an intuition for the mechanisms driving complementarity and
hence the cultural multiplier. The complementarity condition on the slopes of 5(q) and q(p)
at an interior locally stable steady state (5*,¢*), under assumption 5, can be shown to require
that?

e dALe
OP(5",q )’ AVI®) pave the same sign.
0q dp

The term %{:’q*) reflects how the institutional problem of commitment in policymaking is
affected by a change of the size of the cultural groups. Institutional change represents a mechanism
to solve the policy commitment problem by inducing an increase in the societal equilibrium policy
p. This is obtained by giving more institutional weight to the group supporting relatively more

avip)
AV2(p)
dp

the policy p, that is, by increasing 3. Conversely, the second term reflects how a change
in the equilibrium policy p affects the process of cultural evolution in the population. A higher
level of the policy p is associated with a larger steady state frequency of the trait that is relatively
more in favor of that policy, that is promoting the cultural diffusion of the trait that supports
more intensively that policy, an increase in q.

Consider now an economic variable of interest, e.g., per capita income, public good provision,
or any other measure of economic activity of interest in the model which depends on the joint
dynamics of institutions and culture. In the context of the model, by the same logic it is straight-
forward to decompose the effects of culture from those of institutions and vice-versa. For this,

formally define an aggregate variable A(p,q,a'(p),a®(p)). The cultural multiplier on A can then

be defined as
dA <dA>
mg=—/— -1
dry oy -

33Gee the Appendix for details.
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Typically, when one assumes no cultural evolution (i.e., ¢ remaining fixed at its steady state

level ¢*), a change in 7 is going to affect A through the way v impacts institutions (ie . (dg ) )
9=q*
which in turn have effects on the equilibrium societal policy p(53,q*) and socio-economic behaviors

a'(p),a®(p). Compared to such situation, the expression of m 4 highlights three additional effects

of v on A (see appendix). First, the total change in institutions (%) is affected by the cultural
multiplier m as (%) =(1+m) (%) . Second, the change in institutions triggers a policy
9=q*

change g—g which in turn triggers cultural evolution and leads therefore to a change in the cultural
composition of the population. Finally, cultural change also feedbacks on the equilibrium societal

policy p, which in turn has again an additional impact on aggregate behavior A.

5 Extension: Distinct political and cultural types

In this section we extend our analysis to consider a society in which political and cultural groups
are distinct. Let ¢ € I index the political groups and j € J the cultural groups. Let a¥ denote the
action of agents of subgroup (4, j) and a = {a/}; ; the vector profile of actions. Let ¢/ denote the
distribution of the population by cultural group and by ¢ = {¢"/}; ; the vector profile satisfying
satisfies > jed ¢V =1, for i € I. Let A\ denote the fraction of agents in political group 4. Utility
functions are then written u* (aij ,D; @, q).

In this society, we continue to identify political institutions with the weights of the groups ¢ € I
in the social choice problem which determines economic policy, 8 = {3'}; satisfying Yicr Bl =1.

As for cultural transmission, we assume for simplicity that political groups are perfectly
segregated, so that the reference population for an agent in subgroup (4, j) is the subgroup itself.
Fixing a political group ¢ € I, direct vertical socialization to the parent’s trait, say j € J, occurs
with probability d¥; Pti e (resp. Pti ’jj/) denote the probability that a child, in (a family in)
political group i € I with trait j is socialized to trait j (vesp. j') at ¢; V"7 (8,, 1, q41) (resp.
Vi’ (Bi41, @t+1)) denotes the utility to a cultural trait j parent in political group i of a type j
(resp. j') child.

It is then straightforward to extend the analysis of the previous sections to this society, with
distinct political and cultural groups, to obtain the following system for the joint dynamics of

culture and institutions:

B such that p“™ (B}, q+1) — p(B, qi11) if it exists,
Bt = 1 if pm(BL, qr1) > (B, q41), YOS B < 1 olse
0 if pcom(ﬂé”qﬁ&) < p(ﬁathrl)a Y0 é B S 1

qfil - qij = qij(l - qzj) (dij N dij/) , With 7 = dij(Qt» AV (ﬁt+17 Qt+1))-
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6 Examples

In this section we work out several main examples, rich enough to display some interesting cultural

and institutional dynamics.?*

6.1 Elites, workers, and extractive institutions

Consider a society populated by two groups, workers and members of the elite, with distinct cul-
tural traits and technologies. In particular, the preferences of the members of the elite are shaped
by cultural norms which let them value leisure greatly, more than workers. Furthermore, while
both the elite and workers are endowed with the same technology which transforms labor into
private consumption goods, only the elite is endowed with initial resources. As a consequence, in
equilibrium workers will work to survive, while the elite will generally eschew labor and constitute
a leisure class. Finally, (fiscal) institutions collect taxes on income to finance public good con-
sumption, which is valued by both groups. In this society, institutions are extractive inasmuch as
members of the elite extract resources from society, and workers in particular, by means of fiscal
policies.

Institutions, however, lack commitment; that is, fiscal authorities choose the tax rate ex-
post, after workers have exterted their labor effort. This gives institutions generally an incentive
to tax labor excessively. In this society, therefore, the elite might have in turn an interest in
establishing less-extractive institutions, by devolving part of the fiscal authority to workers. This
would indirectly commit institutions to a lower tax rate, in turn inducing workers to exert an
higher labor effort and hence to contribute more to the public good. Indeed, we will show that,
in this society, culture and institutions are complements, reinforcing each other: institutional
change devolving fiscal authorities to the workers weakens any cultural predominance of the
leisure class; while a smaller leisure class in society augments the incentives of the elite to devolve
fiscal authorities to workers.

Formally, let workers be group ¢ = 1 and the elite be ¢ = 2. Both groups can transform
labor ono-for-one into private consumption goods. Let a’ denote labor exerted by any member of
group ¢. Let s denote the initial resources each elite member is endowed with. Let p denote the
(income) tax rate and G the public good provided by fiscal institutions. Preferences for group ¢

are represented by the following utility function:

ul (ai,G,p) = (ai(l —-p)+ si) +60v(1l—-a)+Q-G.

Our characterization of the distinction between workers and the elite in terms of cultural

values and technologies requires that:

34Tn all the examples we impose and exploit various regularity conditions without explicit mentioning them. We

discuss however all the details in Appendix B.
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i) the parameter #° representing the preference for leisure satisfies #1 < 62
ii) Initial resources s’ satisfy : s' = 0, s = sii) Initial resources s’ satisfy: s! = 0,52 = s.

To better illustrate the dynamics of culture and institutions in this society we consider extreme

preferences for leisure of the elite, 62 > :}L,/((f; > 1 = #'. In this case, members of the elite never

work, a®> = 0, and consume their resources, s. Workers instead exert some effort level a' > 0
and consume in fact a! units of the private consumption good. Both groups consume the public
good G, in an amount equal the tax burden, to balance the budget of the fiscal institutions:
G=p [alq +a%(1 - q)] where ¢ is again the fraction of workers type ¢ = 1.

The societal equilibrium and the societal commitment equilibrium are then easily character-
ized, for any institutional set-up, 5, and distribution of the society by cultural traits, q. Equi-
librium policies, that is, tax rate p, are as in Figure 2. Consider first the societal equilibrium.
Typically, for 4 small enough, 8 < B(q), all policies p (3, q) inducing no labor effort, that is, p
larger than a threshold > pg, are a societal equilibrium policy. In this case, workers have so little
power that the natural ex post incentive is to tax them to the extent that they do not provide
any labor supply. On the contrary, for 3 > ((q), workers have effectively control of the fiscal
authority. In this case, labor income is either not taxed for all 5§ > B(q); or else taxed only
inasmuch as it is necessary to finance the amount of public good preferred by workers themselves,
p* (in this last case 8 = 1). For intermediate values of 3 € (é(q),ﬁ(q)), the societal equilibrium
policy p(B, q) takes interior values and is a decreasing function of 8. Indeed the ex-post incentives
to finance the public good through labor income taxes are lower when the workers’ interest are
better represented.

The societal commitment equilibrium, p®™ (5, q), is also a decreasing function of 3, always
smaller than the tax rate p™® which maximizes tax revenue. Furthermore, p®™ (3, q) = 0 when
/3 is larger than the threshold 3(q) (or p®™(B,q) = p* if B(q) = 1). Most importantly,

P (B,9) <p(B,q), VB < B(q), 0 <q<1.

In the societal equilibrium, the policy maker does not internalize the negative distortion of taxation
on the tax base. Hence taxes at a societal equilibrium are systematically (and inefficiently) higher

than at the societal commitment equilibrium where such effect is internalized.
[Figure 2 about here]

Institutional dynamics. The institutional dynamics tend to internalize the inefficiency of the
societal equilibrium which is due to lack of commitment, that is, to decrease p(53,q) — p®™ (8, q)

for any given cultural distribution in the population ¢. In this society, therefore, fixing 0 < ¢ < 1
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and V3 < B(q), the institutional dynamics tend towards increasing the fiscal authority of workers,
that is towards increasing . This leads to reducing the excessive (and inefficient) tax rate p until
it is optimal for the workers to do so. At the stationary equlibrium, therefore, all fiscal authority
ends up effectively in the hands of workers.?> Importantly, the public good consumption G*, at the
stationary equilibrium, is efficient under the stationary institutional set-up 5* (which effectively
does not account for the preferences of the elite), but not generally under the initial institutional

set-up.

Cultural dynamics. For every value of [ the cultural dynamics tend to an interior stationary
state ¢(8), whereby ¢ increases when ¢ < ¢(3) and decreases instead when ¢ > ¢(3). In other
words, cultural substitution (see Bisin and Verdier, 2001) is the main driver of cultural dynamics
in this society: given the institutional set-up, both group tend to engage in more intense cultural
transmission when their trait is relatively minoritarian in society. Furthermore, the relative
incentives to socialization AV!(p)/AV?(p) are decreasing in p. Indeed, as taxation leads to
increased rent extraction on labor, leisure class norms are more likely to be transmitted than

those of the workers: the larger the rents of the elites, the larger their socialization advantage.

Joint evolution of culture and institutions. The joint cultural and institutional dynamics of this
society are concisely represented in the phase diagram in Figure 3. The curve along which j is
constant, 3(q), is weakly increasing in ¢: to a larger fraction of the workers’ trait in the distrib-
ution,(ie. a larger q), is associated a (weakly) larger § in the long run dynamics of institutions.
Indeed, the larger is g, the larger are the incentives of the elite to extract resources from workers
by taxing labor income. Consequently a larger fiscal authority to workers is necessary to reach
their most preferred tax rate. For large enough values of ¢, this is only possible when 5 = 1, that
is, all fiscal authority is devolved to the workers, p = 0, and no public good is consumed in the

society, G = 0.

[Figure 3 about here]

The curve along which ¢ is constant, ¢(3), is also weakly increasing in 5: more fiscal authority
to workers leads to a lower equilibrium tax on labor p and therefore to an increase in the prevalence
of the workers’ cultural trait in the population in the long run dynamics of culture. Indeed, the
lower is the tax rate, the higher are the relative gains of workers in the socialization process.

Indeed since both 3(q) and ¢(B) are increasing, culture and institutions are cultural comple-
ments in this society, reinforcing each other. The cultural multiplier is positive (Proposition 11).
Furthermore, the joint evolution of culture and institutions displays a unique ergodic stationary

state. The parameter configuration of the society determines whether any of the public good is

35Even though 8 < 1, an higher 8 would have no effect on equilibrium policies.
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provided in the long run, that is whether the society is in case a) or b) in Figures 2 and 3. In
either case, however, extractive institutions are undermined by their own inefficiency (due to the
lack of commitment of the policy maker). The transition away from Extractive institutions is
inevitable, from any initial condition.

Interestingly, this transition is triggered independently of any technology on the part of the
workers to threaten, e.g., by means of a revolution, the power of the aristocrats. In this sense,
the mechanism driving the evolution of institutions is distinct from the one stressed by Acemoglu
(2003), Acemoglu and Robinson (2006, 2010), and Acemoglu, Johnson, and Robinson (2006);
it is instead closer to the mechanism proposed for the extention of the suffrage in Britain by
Lizzeri and Persico (2004). Furthermore, in this society, extractive institutions are not stable
independently of the population distribution between workers and elites. In particular, this is
the case even if the relative power of workers is unaffected by their relative size (or even relative

income) in society.

6.1.1 The transition away from extractive institutions.

In the society we have just studied in the previous section, the elites’ lack of commitment leads
to very inefficient equilibrium outcomes when the elites themselves control the institutional set-
up. As a consequence the joint dynamics of culture and institutions necessarily drive the society
towards less extractive institutions where fiscal authority is devolved mostly (or even completely,
in some parameters’ configurations) to workers. In this section we study a simple extension of
this society with the objective of providing a more articulate and interesting representation of the
transition away from extractive institutions, one which delves deeper into the cultural preferences
and the incentives of the elites.

Consider a society alike to the one studied in the previous section except in that i) members of
the elite might hold a cultural trait which specifies work-ethic norms akin to those of the workers,
rather than those of the leisure class;*® ii) workers face a survival constraint, a minimum level of
consumption necessary for survival. Furthermore, in the society we study in this section, taxes
are not raised to finance the public good but are instead purely extractive, being redistributed
pro-capita to the members of the elite.?”

As in the previous section, the elites, as a political group, have the power of taxing workers, but
cannot commit ex-ante on the tax rate. In this society, however, their incentives and preferences
are heterogeneous: the members of the elite who share work-ethic norms (the bourgeois) are

more aligned with workers’ interests than those who do not (the aristocrats). Depending on their

36Note that in this society, therefore, political groups (workers and elites) are not aligned with cultural groups
(bourgeois and aristocrats, inside the elite). The example is then a special case of the class of societies introduced

in Section 5 and therefore follows the notational stucture laid out there.
37This is not substantial to the analysis. It is just for the sake of variation.
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distribution by cultural trait and the political control they exert on the fiscal authority in society,
the elites might impose a tax rate such that workers are constrained to subsistence (an extractive
regime) (the survival constraint can be binding only for workers, as we maintain the assumption
that members of the elites are endowed with initial resources which we postulate are enough for
survival). The institutional dynamics of this economy will in general be non-ergodic, depending
crucially on initial conditions. When the initial institutional set-up guarantees enough control
on fiscal authority on the part of the workers, the institutional dynamics will tend to transition
away from the extractive regime. This transition will generally induce the formation of a sizeable
bourgeoisie. Interestingly, it is also the case that a larger bourgeoisie at the initial conditions
favors the transition away from the extractive regime.

The detailed analysis of this society follows. Workers, group ¢ = 1, are in proportion 1 — A
and members of the elites, group ¢ = 2, in proportion A. Members of the elite carry one of two
possible cultural traits, j = a,b: i) the bourgeois, in proportion ¢?* = ¢ of the total elite size A,
have the same preferences as workers; ii) the aristocrats are instead in proportion ¢** =1 — q of
the elite and have preferences with extreme disutility for work.

All agents have preferences over a consumption good ¢ and labor effort a”/, where i = 1,2
indexes the group and j the cultural trait.?® The production technology converts effort one-to-
one in the consumption good. Let 8! = 8 denote the institutional weight of the workers, and
p, the policy choice, represent the tax rate on workers’ output, a'. Let T denote the lump sum
fiscal transfer received by each member of the elite, by budget balance. Let finally ¢ denote the
subsistence level required for survival. .

Preferences are represented by the following utility functions, respectively for workers and
elites:

u'(a', 7', p) =u(a'(1 —p) +s' + 1) +0'v(1 — a')
u¥(a®, T2 p) = u (a¥ (1 — p) + s> + T?) + 6% v(1 — a*)
Our characterization of the distinction between the political groups (workers and elites) and

the cultural groups (bourgeois and aristocrats) in terms of cultural values and technologies re-

quires that:

i) the parameter 6%/ representing the preference for leisure of the elites satisfy 62* > 0?0 = '
i) Initial resources s satisfy : s =0, s2 =s>¢
iii) Tax Transfers T° satisfy T* =0, T? =T

Again we assume that the aristocrats have extreme preferences for leisure 6% > D >1=46"

so that again they never work, a®* = 0.

38 Abusing notation the apex j is omitted for workers, i = 1, since they are culturally homegeneous.
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In this society, the labor effort exerted by workets, a'(p), is non-monotonic in the tax rate p,
depending on whether the survival constraint is binding, as shown in Figure 4. When the survival
constraint is not binding, a!(p) is decreasing in p, because of the disincentive effects of the tax

rate on effort. When instead the survival constraint is binding (in the extractive regime),’

[Figure 4 about here]

at(p) = IEp for p € [p,1 —¢]; that is, a'(p) is increasing in p. As for the labor effort choice of
the bourgeoisie, a?*(T) > 0 is decreasing in the transfer level T'. Aristocrats continue not exerting
any effort (for any value of T' > 0). The pro-capite fiscal transfer to the members of the elite is
set to balance the budget of the fiscal institutions: T =: 1;/\)‘pa1.

The societal equilibrium policy p(B,q), and the societal commitment policy p®™(53,q) are
illustrated in Figure 5. When the institutional weight of the workers is low enough, below a
threshold (q), at the societal equilibrium, the fiscal authorities tax the workers to a level that
forces them to an extractive regime where the survival constraint ¢ is binding.”’ Indeed, when
workers are at the survival constraint, more extractive institutions will not necessarily reduce their
labor effort, as workers will always have to exert enough effort to satisfy the survival constraint.
On the other hand, when this is not the case, the elites might have an incentive to establish
less-extractive institutions, to indirectly commit on a lower tax rate, in turn inducing workers to
extend an higher production effort, as in the society studied in the previous section. If workers

are sufficiently powerful, therefore, their behavior is the same as in the previous section: p = 0
for B > B(q); while p(3,q) > 0 and declining in 3 for 8 € (8(q),B8(q)) .

[Figure 5 about here]

As the societal equilibrium policy, the optimal policy at the societal equilibrium with commit-
ment, is decreasing in the fiscal authority of workers 3 and is = 0 when 8 > ((q). Furthermore,
when § is small enough, p®®™(f, q) is also high enough so that workers are kept at subsistence
and the societal equilibrium with commitment is in the extractive regime. The transition away
from the extractive regime occurs at § = B(q) at the societal equilibrium with commitment, a
lower 3 than at the societal equilibrium, as in the first case the distortionary effects of taxation
are internalized.

Not surprisingly, when the optimal policy at the societal equilibrium with commitment induces
a non-extractive regime, 8 > B(q), it is the case that p®™(8,q) < p(f,q). Indeed, without

39The policy space is assumed bounded in such a way as to always have make survival of the workers feasible.
40The maximal feasible tax rate is p = 1 — . At this rate workers have to supply their full time endowment

a' =1 to maintain their consumption level at the survival limit.
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commitment the fiscal authorities do not internalize the effects of taxation on the labor effort of
workers and therefore induce an equilibrium tax that is inefficiently high. This is not the case,
however in the extractive regime. In this regime, in fact the effect of taxation on the effort of
workers is positive. This tends to make the societal equilibrium policy p(3, q) too low compared to
the societal equilibrium policy with commitment p®™ (3, q). On the other hand, in this regime it is
also the case that the fiscal authorities do not internalize the distortionary effects of taxes on the
effort choice of the members of the bourgeoisie, which tends to make p(j, ¢) too high compared
to p“™(B,q). When 3 is very low, the distortionary effect on the bourgeoisie dominates: indeed
the effect of taxation on the workers’ labor supply is minimal, in this case, as a' is already very
close to its maximal value. As [ increases, however the distortion on workers’ labor effort turns
to be larger, so that p®™(f, q) > p(f3, ¢). By continuity of the equilibrium policy functions p(S, ¢)
and p®" (5, q) in the range (O,B(q)), there is a point 5 = (3°(q) where the two curves cross, as
depicted in Figure 5. But as § increases even more, to the point where the fiscal authorities turn
to taxes p which do not constrain workers at survival, the distortionary effects of taxation turns
to have a negative effect on both the workers and on the bourgeoisie. As we noted, in fact, in

this case p“™(8,q) < p(B,q) (it turns out that this happens discountinuously, as in the figure).

Institutional dynamics. From the previous discussion, the non-ergodic behavior of the insti-
tutional dynamics is apparent. Fixing a cultural distribution 0 < ¢ < 1, for all initial value
By € [0, B(q)), the institutional dynamics converge to a unique steady state 8 = 3°(q) and the
society ends up in an extractive regime with low political representation of the workers who are
maintained at their survival constraint by extractive taxation on the part of the elites.*’ Con-
versely for initial values 3, € (B(q),ﬁ(q)], the institutional dynamics are very different. The
weight of the workers on the institutional setting converge to the unique steady state 8 = 5(q),

characterized by no taxation, in a non-extractive regime.*?

Cultural dynamics. The dynamics of cultural evolution within the elite are driven by the

relative incentives to socialization AV®(p)/AV%(p), which is generally,*® decreasing in p. Indeed,

“nterestingly in the extractive regime, higher taxation may actually increase the efficiency of the rent extraction
process as the survival constraint prevents the traditional disincentives on labor supply to kick in. This local effect
is arguably instrumental in maintaining such an extractive regime for workers. This is reminiscent of an argument
in Clark (2009), suggesting that policies that would otherwise appear as having inefficiency costs in a non extractive
world, on the contrary may find some efficiency rationale under extractive conditions.

*2The dynamics from 3, = ﬁ(q) are indetermined. Also, for initial values 3, > B(q), the institutional weight of
the workers is already large enough to induce no taxation and therefore no distortions. Institutions do not change

and stay at their initial value 8, = 3, for all ¢ > 0.
43More precisely, when the tax rate p at which an extractive regime is triggered is below the tax rate that

maximizes total tax revenues.
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aristocratic norms are more likely to be transmitted than those of the bourgeoisie the larger the
rents of the elites. Since equilibrium taxation is a decreasing function of the institutional weight
of workers, 3, the more fiscal authority the workers possess in society, the larger the diffusion of

(the norms of) the bourgeoisie inside the elite, and hence in society.

Joint evolution of culture and institutions. The joint cultural and institutional dynamics of this
society are concisely represented in the phase diagram in Figure 6. The institutional stationary
curve, 3(q) is decreasing in ¢: in this society, in fact, the workers are at least in part supported
by the bourgeoisie in their preferences over fical policy and as a consequence, when the fraction
of the elite with bourgeois values is larger, the institutions support a no-tax policy even with
less power to the workers. The cultural stationary state curve, g(5) € (0,1), is instead as in the
society studied in the previous section: an upward sloping curve in the region g € [O,B(q)] and a
vertical line ¢ = ¢* in the region 3 > 3(q) for which there is no redistribution, 7= p = 0. This is
essentially for the same reasons: an higher § leads to a lower p and hence to greater socialization

gains to the bourgeoisie and greater ¢ in the long run.

[Figure 6 about here]

Differently from the case of the society studied in the previous section, therefore, culture and
institutions are not cultural complements in this society. Furthermore, the joint evolution of
culture and institutions does not display a unique stationary state, but rather two: an extractive
state, (5% ¢°), and a stationary state with no-tax, characterized by 5 > g* and ¢ = ¢*.

The dynamics of culture and institutions in this society will in general be non-ergodic: which
stationary state they will converge to in the long-run depends on initial conditions. A transition
away from extractive institutions is not inevitable in this society, as higher taxes do not decrease
the fiscal rents of the elites when workers are at or around the survival constraint. FExtractive
institutions are therefore not any more undermined by their own inefficiency and could be sup-
ported in the long-run. Whether eztractive institutions are supported in the long-run or whether
the dynamics transition away depends on the political control the elites exert on the fiscal au-
thority in society but also, crucially and interestingly, on their distribution by cultural trait,
that is, on the relative size of the bourgeoisie, which is partly aligned with workers’ interests.
When the initial institutional set-up guarantees enough control on fiscal authority on the part of
the workers, the dynamics will tend to transition away from the exiractive regime. But a larger
bourgeoisie at the initial conditions also favors the transition away from the extractive regime.
Formally, the basin of attraction of the (5 > 8%, ¢*) stationary state comprises all (3, q) strictly
above the line Zﬂ)(q) and those on the line with ¢ < ¢*). It is larger in 8 for higher ¢ and it is
also larger in ¢ for higher f.
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Importantly, even though culture and institutions are not cultural complements in this society,
along a transition away from extractive institutions, with a powerful elites and small bourgeoisie
(that is, in the region above 3(¢) and on the left of ¢(3) in Figure 6), the dynamics display the
devolution of power to workers jointly with the formation of a sizeable bourgeoisie (8 and ¢ both

increase along the path).

6.2 Civic Culture and institutions

In this section, we discuss the interaction between the evolution of civic culture and institutional
dynamics. We consider a society in which some workers may be endowed with intrinsic motiva-
tions (”civic culture”) inducing them to take actions that may have beneficial implications for
other worker members of society. Specifically, workers may exert civic participation efforts that
are complements to the provision of some public goods and generate positive externalities on the
rest of society. As well, individuals may also react negatively to inefficient public policies enacted
by the government in favor of the elite. As these types of actions are costly at the individual
level and produce some group level effect, they typically induce a common pool problem. In equi-
librium only workers characterized by civic-minded attitudes will exert participation and civic
control efforts.

In this society, the size of the public budget (the public policy decided by the government)
has both positive and negative consequences on the economy, with opposing implications for the
role of policy commitments, and therefore institutional dynamics.

On the one hand, larger public expenditures are associated to more provision of public goods
in the society. This in turn stimulates civic participation by civic minded workers and conse-
quently positive externalities on other agents. Given this, a commitment to increase the size of
public expenditures helps internalize these positive externalities and therefore motivates some
institutional change in that direction.

On the other hand, a large public sector also creates opportunities for administrative rents
and corruption transfers that benefit the elite. These in turn provoke monitoring reactions by
civic-minded individuals, and as a consequence diverted resources and increased transaction costs
to reduce these transfers. For these reasons, a policy commitment to shrink the size of the
public sector helps internalize the resource waste associated to the increased transaction costs of
corruption and public leakages.

As a result of the tradeoff between these two opposite motives for policy commitment, the
institutional dynamics lead to a long run balanced allocation of power between workers and elite
over decision rights on public policy.

The most interesting aspect of this society consists however in the way institutions and culture
interact. Typically, under some configuration of the shape of the fundamentals, culture and

institutions may act as dynamic substitutes, providing therefore an illustration of a case where
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some exogenous variations on institutions can be mitigated by the cultural dynamics induced by
these changes.

More in detail, the society is populated by the two political groups in the previous examples:
workers, type i = 1, and the elite, i = 2, in fractions \' = 1-\% = \. All individuals (workers and
elite) are endowed with a fixed amount of resources, w that can be taxed lump-sum to finance
public expenditures g necessary to produce a public good. We assume that in the process, a
fraction u of these public expenditures leaks into corruption generating diverted rents 1" = g > 0,
to the benefits of the members of the elite** while the residual share (1 — p) g generates some
effective amount of public good G = (1 — u) g . The rents T" are subject to transaction costs, e.g.,
inefficient administrative procedures, secret kick-backs, corruption schemes, hidden accounts, and
other ”creative” fiscal accounting.

Workers can exert two types of efforts. First they may exert some sort of civic control, to
monitor the government. Monitoring by the civil society tends to increase transparency, so that
the transaction costs required to transfer resources to the elite on the part of the government
are an increasing function of the civic society monitoring. More precisely, 6 (A) denotes the
transaction costs: a transfer 7' produces 6 (A)T < T consumption units available for the elite;
where 0 (A) is decreasing in A, the total amount of civic monitoring effort exerted by the workers.
For simplicity we take a linear specification: 6 (A) = ¢ - A with ¢ > 0.4

Second, workers may also exert civic participation efforts (contributing privately to public
goods, creating social associations, volunteering in social activities) that generate positive alloca-
tive externalities over the whole society. More precisely, a total amount of civic participation
effort E produces a society wide externality augmenting each individual’s endowment by & - E
with k£ > 0.16

We assume that the elite has standard preferences over consumption and the public good,
U%(?,G) = ¢® + v(G) The workers belong to one of two cultural groups.The first, j = ¢ in pro-
portion ¢, is composed of civic-minded individuals with both an intrinsic motivation for exerting
civic control effort, a'¢ and civic participation effort e'®. More precisely, their preferences are

given by:

U'e(c',G,a, e\ T) = *+0(G)—(a-T)(1—-a') —C(a')
+G - el — d(el)

where c'¢+v(G) is the direct utility of private consumption and the public good. — (a - T') (1—a'®)

44 Alternatively one may think of members of roup i = 2 as public sector employees or bureaucrats, and ;. as

some degree of bureaucratic slack or inefficiency generating rents G to these agents.
45Restrictions can be imposed on the preferences and the cost structures such that ¢ - A < 1 for the relevant

feasible range of aggregate monitoring A in society.
460ne possible interpretation is that E is some sort of trust building mechanism that facilitates transactions and

contracts and therefore increases productivity in the economy.
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is the intrinsic motivation for civic control, C'(a'®) is the utility cost of undertaking civic control,
G - e'¢ is the intrinsic motivation to contribute e'¢ to civic participation, while ®(el¢) is the
disutility cost of civic participation.?” A level of rents T generates a direct intrinsic utility loss
—a - T to a ciwic-minded individual that is assumed to be linearly increasing in 7. Undertaking
a civic control effort a'¢ reduces this utility loss to — (- T) (1 — a'¢). Similarly, the intrinsic
motivation G.e'¢ of a civic-minded individual to contribute e'¢ to the society is increasing in the
effective level of public good G supplied by the government?®.

This formulation therefore captures in a simple way the fact that a civic-minded worker is
sensitive both to the positive part of public sector activity (the public good component G) as
well as the negative part of it (the rent component T'). He is therefore ready to react to both
dimensions by providing some costly efforts e'¢(G) and a'¢(T) respectively increasing in G and
T. Given that the size of the public sector g is affecting positively both dimensions G and T, an
increase in ¢ therefore stimulates both types of civic efforts e'® and a'¢.

The second type of worker j = p, in proportion 1 — ¢, do not have intrinsic motivations for
civic participation and civic monitoring. We call them passive members and their preferences are
given by

U (c'7,G,a'?, e, T) = c'? +v(G) — C(a'?) — @ (e'?)

The policy choice p = g (the budget size) depends on the workers’ efforts al¢, a'?, el¢ elP
and only through the total amount of civic monitoring A = A [q cal+ (1—q)- alp] and civic
participation £ = A [q el (1—gq)- elp] they exert through respectively the transaction costs
0(A) and the positive externality x - E. As a consequence, the total amount of civic actions is a
public good, the contribution of each worker effort is negligible, and hence passive workers always
choose not to exert any effort, a'? = e = 0, and civic-minded workers contribute according to
their intrinsic motivations.

Given any institutional weight 5 > 0, we may characterize the societal equilibrium p (3, q)and
societal commitment p®™ (3, q) policies. In the appendix, we show that under some reasonable
regularity conditions the shape of the policy functions p (3, q) and p®™ (3, q) are as in Figure 7.
The two curves are downward sloping in the weight 8 of workers. Intuitively, all individuals in

society enjoy some direct utility of the public good as well as the positive externalities associated

4"The utility of public good v (G) is strictly increasing concave in G, the component o T of intrinsic motivation
for civic control is linearly increasing in 7', the utility costs of undertaking civic control and civic participation
, C(a') and ®(e') are increasing convex functions satisfying C(0) = ®(0) = 0 and inada conditions C’(0) =
®'(0) = 0 and sufficiently convex to ensure our maximization policy problems to be enough regular.

To simplify our explicit computations, in the appendix we parametrize the utility cost functions to take the

. 1 (alc)1+€A 1 (61c)1+eE .
following form C(a'¢) = ¢t and B(e'c) = Pp=—Tiy— With ¢4, ¢p >0 and €a,ep > 0.

48 Again we assume for analytical convenience that the intrinsic motivation for civic participation is linearly
increasing in . The important aspect is the fact that G enters as a complement to civic participation e'¢ in the

intrinsic motivation of civic-minded workers.
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to the civic participation of civic-minded workers. The elite however additionally values a larger
public sector because of the diverted rents it can obtain from it. For the workers, two other
features come into play when they are civic-minded. First, these workers get some additional
value from the public good because this enhances their intrinsic motivation to supply some civic
participation action e'¢. At the same time though, a larger public sector also generates additional
public leakages. This produces a higher utility cost (a-T) (1 — a'®) connected to the intrinsic
motivation to exert civic control a'¢. When civic participation is not too large49, and/or workers
are quite sensitive to public corruption®, the positive contribution of the public good on civic
participation is overwhelmed by the negative utility impact associated to public sector leakages.
In such a situation, civic-oriented workers are less in favor of a large public sector than the elite
members. As a consequence, an increase in the weight § of the workers’ group tends to reduce
the size of the public sector that the policymaker wants to implement at equilibrium. For the
same reason, at a given value of 5, an increase in the fraction of civic-oriented workers also leads
to a decrease of the societal equilibrium p (8, q) and the societal commitment p°™ (3, q).

Most importantly, it is apparent that the societal equilibrium curve p (3, q) crosses the societal
commitment curve p™ (3, q) from above at some interior point B(q) To understand this, notice
that the discrepancy between p (5, q) and p®™ (8, q) comes from the fact that the commitment
issue that the policymaker has to deal with involves two externalities associated to the size of
the public sector. The first externality is positive and economy-wide, and associated to the
aggregate civic participation E(p) = Age'®(p) of civic-oriented workers. At the margin, the
internalization of this positive externality leads the societal commitment policy p®™ (5, q) to be
larger than the societal equilibrium curve p (f3,¢q) . The second externality is negative and relates
to the transaction costs 6 (A) associated to the civic control effort A = Aga'¢(p) undertaken
by civic-oriented workers to mitigate public leakages. At the margin, this negative externality
leads the societal commitment policy p“®™ (3, q) to be smaller than the societal equilibrium curve
p(B,q).

The negative externality is born out only by elite members while the positive externality is
enjoyed by the whole society. As a consequence, when the weight of the Elite is large (ie. 8 small)
in the policymaker objective function, the need to internalize the negative externality outweights
the need to internalize the positive one. Therefore p®™ (3,q) < p(S3,q) . Conversely, when the
weight of the Elite is small (ie. 5 large), the need to internalize the positive externality dominates
the need to do so for the negative one, and consequently p®™ (53,q) > p(f8,q). By continuity,
there is therefore a threshold weight B(q) such that p (3, q) crosses p®™ (3,q) from above, as
indicated in figure 7. Importantly at this threshold the internalization of the two externalities

balance out at the margin.

“*This occurs when the civic participation cost function ® (.) is sufficiently convex.
®0This occurs when the function a (T) is sufficiently convex in the corruption transfers T
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Institutional dynamics. As can be seen in figure 7, for all initial value 3 the institutional dynamics

converge to a unique steady state 8 = B(q)
[Figure 7 about here]

In the steady state institutions, to balance out the two opposing externalities associated to
the size of the public sector, there is power sharing between the workers and the elite.

How does the steady state weight B(q) depend on the fraction g of civic-minded workers? A
priori this depends on details of the preferences and technology fundamentals. Interestingly, when

le is not much sensitive to the provision of public goods G, and

the level of civic participation e
conversely the level of civic control a!¢ is sufficiently sensitive to public sector leakage T', then
formal political power of workers in the steady state can be shown to be negatively related to the
extent of informal monitoring provided by civic-minded individuals (ie. 3(q) is decreasing in q).
! In such a case, from an institutional perspective, an active civic society acts as a substitute to
formal political power.

The intuition for such a situation is the following. At the institutional steady state situation
B(q), one has p®m™ (B,q) =p (B,q) and the positive and negative externalities associated to
public sector size balance out at the margin. An increase Aq of the fraction of civic-oriented
workers leads to a reduced equilibrium size of the public sector and less public leakages, as these
workers are more concerned than the rest of society by corruption. A reduced level of the public

sector then leads to smaller equilibrium levels of civic participation el®

and civic monitoring
a'®. This in turn reduces both the marginal positive externality associated to civic participation
and the marginal transaction cost externality associated to civic monitoring. Now, when civic
participation e'¢ (resp. civic monitoring a'¢) is not much sensitive to public good provision (resp.
quite sensitive to public leakages), the marginal externality associated to civic participation is
less impacted than the marginal externality associated to civic monitoring. As a consequence,
p™ (53, q) becomes larger than p (3, q). Institutional dynamics move then in the direction of a
larger public sector size and less power delegation to the workers: the new equilibrium steady

state B(q + Agq) is smaller than B(q)

Cultural dynamics. The elite is culturally homogenous and hence displays no cultural dynamics,
members of the elite remain such. The cultural dynamics within workers are determined by the
the relative incentives to socialization AV(p)/AV'P(p) as they depend on the equilibrium policy

instrument p. When civic participation e!¢ is less sensitive to public good provision than civic

51'When such conditions are not satisfied, one may clearly have B(q) to be positively related to g, at least in some
range. In such a case, an increase in the extent of civic culture in society (ie. a larger value of ¢) translates into

more formal delegation power given to workers.

29



monitoring a'¢ is to public leakage, then AV'¢(p)/AV'P(p) is decreasing in p. As the societal
equilibrium p (S, q) is itself a decreasing function of 5 and ¢, the relative advantage of cultural
transmission of civic-mindedness is then positively affected both by the formal political power of
workers 8 and the fraction of civic-minded workers ¢ in society.

Given this, for a fixed institutional weight 3, the cultural steady states are characterized by a
manifold ¢(3) € [0, 1] . Whenever this manifold is characterizes by a well defined function, ¢ () is
upward sloping in 8. That is formal delegation of power to the workers tends to trigger a larger

diffusion of civic culture into the workers’ group. This is presented in Figure (8).%2.
[Figure 8 about here]

Joint evolution of culture and institutions. From our previous discussion, the joint evolution
of culture and institutions is illustrated in Figure 8. The locus of institutional steady states is
represented by the downward sloping curve B(q) indicating that civic culture acts as a substitute
to formal political power inside institutions. The locus of the stable cultural steady states ¢ (3) is
upward sloping and reflects the fact that formal political power to workers promotes the diffusion
of civic culture inside that group. The intersection point A of these two curves characterizes the
steady state (8%, ¢*) associated to the joint dynamics of culture and institutions. As the two man-
ifolds at that steady state have slopes of opposite signs, this is a case of dynamic substituability
between culture and institutions.

Because of this, the effect of an exogenous shock on one of the two variables is mitigated by the
dynamics induced on the other variable. To see that in figure 9, suppose that the society settled
at the steady state point A. Consider then for instance an increase in the coefficient s of the
positive externality associated to civic participation E. The institutional steady state manifold
B(q) is shifted down. Indeed, as the value of civic participation is increased, this stimulates a
policy commitment to a larger size of the public sector, inducing more civic participation by
civic-minded workers. Institutionally, this is achieved by a reduced weight 5 of the group of
workers. Given that the cultural manifold ¢ (3) is not affected by this parameter shock, the new
steady state obtains at point B with a lower steady state value of S and also a smaller steady

state fraction ¢ of civic minded individuals.

[Figure 9 about here]

52For a given value of 3, the cultural dynamics may exhibit multiple steady states. The branches of the cultural
manifold ¢ (8) associated to stable steady states are then also positively sloped in 3, while those associated to

unstable steady states are negatively sloped in f.
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Importantly, the final change in 3 at point B is less than the downward shift of the steady state
manifold B(q) visualized at point A’. Because culture and institutions are dynamic substitutes,
the cultural dynamics mitigate the impact of the exogenous shock on institutions and the cultural
multiplier is less than one. The intuition for this result is the following. A change in k triggers
some institutional dynamics biased against the workers’ group. This institutional change in turn
reduces the relative incentives to transmit the civic-minded cultural trait inside the population
and leads to a reduction of ¢q. As civic culture is reduced, there is less monitoring effort against
public sector leakages. This feature calls then for some institutional change giving back some
degree of formal power to workers, mitigating therefore the initial impact effect of the shock on
institutions.

Interestingly, depending on the relative speeds of the two dynamics, the change in institutions
may not necessarily evolve in a monotonic way after the shock. To see that in the clearest
way, assume for instance that institutions adjust much faster than culture, meaning in the phase
diagram of figure 10 that the dynamic system has to remain permanently on the institutional
manifold E(q) As can be seen, after the shock on k, civic culture remains at its initial pre-shock
value ¢’ while institutions jump downward to 84 < B4. Afterwards, there is cultural evolution:
the fraction of civic-minded individuals decreases progressively from g% to ¢ < g7 along the
institutional manifold B(q) Correspondingly, the institutional weight 8 of workers moves back
up to the steady state value 8 p illustrating the fact that along this trajectory, institutions evolved

in a non monotonic way.

6.3 Property rights and conflict

The society studied in this section provides yet another interesting example of non-ergodic be-
havior, in which the steady state of the joint dynamics of culture and institutions depends on
initial conditions. The society is characterized by socio-economic interactions consisting in agents
contesting each other’s resource endowment under imcomplete protection of property rights. Po-
litical and cultural groups coincide as in the previous society and agents are only differentiated by
their propensity to act into conflict. Along the lines of the specific groups described by Nisbett
(1993), Cohen and Nisbett (1994), or more recently Grosjean (2014), as displaying a culture of
honor, one of the cultural groups in society is more prone to violence than the other individuals,
after rituals and practices that individuals partake into in order to be culturally legitimized.
More in detail, in this society people are matched randomly in a contest. Each agent’s
endowment prior to the contest is w > 0. Property right protection is the main policy variable,
represented by the fraction p € [0, 1] of each agent’s endowment which is protected in the contest.
After two agents match, their relative effort determines the probability that each of them succeeds
in the contest, hence winning the fraction of the endowment of the opponent which is not protected

by property rights. More specifically, let a™* denote the effort exerted by an agent h when
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matching with an agent k. The probability of agent A winning the contest is % .53 The winner
of the contest appropriates of the fraction of the total endowment not protected by property rights,
2(1 — pw.

We assume that there are two political groups ¢ € {1,2} which are fully identified to cultural
groups j € {1,2} so that i = j € {1,2}. The size of group 1 in society is therefore \! =1 — A\ =
gt =1 —¢?® = ¢.>*. The two groups are culturally differentiated by their propensity to act into
conflict. Specifically group 1 reflects individuals with a culture of honor, more prone to violence.
Formally, these individuals are endowed with culture in which individuals have to pay a resource
cost F' > 0 allowing them to enjoy afterwards a higher propensity for violent action (ie. a low
marginal cost of effort, ¢! in our contest setting). One could see the resource cost F' as the
typical cost associated to ”beating” and ”fighting” training sessions, rituals and practices that
individuals with such culture go through in order to be legitimized. These violent sessions give
them afterwards a ”taste” or an ability to engage more easily into violent actions in potential
contests with others. On the opposite, group 2 is composed of conflict-averse, individuals who do
not have such a culture of a ritualized fighting capacity and consequently these individuals are
less effective in violent contests. In terms of the model, they do not pay the resource cost F' of
violence ritualization but have a higher marginal cost of contest effort ¢ > ¢! when fighting in
contests.

Denote for convenience o = (02 — cl) /ct. With these notations, g is the fraction of ”conflict-
prone” individuals in society.

Agents observe the opponent type before choosing their effort.”” and the Nash equilibrium
effort of an agent of type 7 in his contest with an agent of type j can be solved for straightforwardly,
for given property rights p. Denoting by slight abuse of notation such effort as a™, this is given
by: '

o

Matching is random, so that an agent in group ¢ will match another agent in the same

a =2(1 — p)w

group with probability ¢* and an agent in the other group with probability 1 — ¢*. Let the ex-
ante expected payoff for agents of each of the groups at equilibrium be denoted €;(p,q). It is
decreasing in the fraction ¢ of ”conflict-prone” indviduals as a larger fraction of ”conflict-prone”
agents hurts both groups ex-ante. It induces a larger rent dissipation for the conflict-prone agents

and a larger probability of extortion (loss of endowment) for the ”conflict averse” individuals.

53Formally, this is the case if a"*, a*" > 0; while the probability of winning is 1/2 if a"* =a" = 0.
54 As compared to the general setting in section (?), in this example political groups have some endogenous size.

The dynamics however still remain tractable, as poltical groups are fully alligned with cultural groups..

55That is, the contest is a complete information game. The expected payoffs of an agent of cultural group j
matching with an agent of group I is W7 (a’!, a'¥) = pV + ‘2(1 — p)Va”‘,‘—eral7 — da?'. This example also represents
an extension of the general analysis in Section 2 in that @’ is a multi-dimensional vector; again the same methods

apply however.
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On the other hand, while Q2(p, q) is always increasing in p, Q1(p,q) is increasing in p only
for a large enough fraction ¢ of conflict-prone agents. Indeed ”conflict-averse” individuals al-
ways benefit from property right protection, ”conflict-prone” agents favor better property rights
protection only when their fraction in the population is large enough.

We assume that implementing a level p of property rights protection requires a resource cost
C(p) satisfying standard convexity properties (see the Appendix for details).

Denote by ' = 1 — 32 = 3, the institutional weight of the ”conflict prone” group. At the
societal equilibrium property right protection p is chosen, taking as given the effort choices in
contests for agents of the two groups. It can be easily shown that®® when 8 > ¢, the societal
equilibrium involves no property right protection and p(3, ¢q) = 0; while for 8 < g, a positive level
protection of property right is implemented with p(3,q) > 0. Moreover in such a case p(3,q) is
a decreasing function of § and is increasing in gq. The larger the weight of the ”conflict prone”
group, the smaller the level of property right protection, as such group benefits less from this
protection. On the other hand, the larger the fraction of the conflict prone individuals in society,
the larger the social need for a reduction of conflict efforts dissipated into resource contests and

therefore some enhanced degree of protection of property rights.

Similarly one can characterize the societal equilibrium with commitment, which now inter-
nalizes the impact of property right protection on the effort choices of the two groups in their
contests. Specifically, one can show that at a societal equilibrium with commitment, there exist a
threshold g(c) € ]0,1[ and an increasing function 8 = B(g) with 8(0) < 1 such that p™(8) = 0
and there is no protection of property rights if and only if (5, ¢q) € [0, 1]2 are such that ¢ < q(«)
and 8 > E(q) When conversely 3, q do not satisfy such relations, the societal equilibrium with
commitment involves positive protection of property rights and p°™ (8,q) > 0. In such a case,
p™ (B, q) is again decreasing in 8 and increasing in g. Furthermore, one can show that the
boundary B(q) is increasing and equal to 1 for ¢ < 1 large enough.

In other words and not surprisingly, the societal equilibrium with commitment involves no
property right protection when the institutional set-up is favoring the conflict-prone group, that
is, when 3 is large enough °’. More interestingly, however, when the fraction of conflict-prone
agents is too high, ¢ is large enough, then such group is always in favor of instituting property
rights as a form of self-protection and p®™(/3,q) > 0 at any level of 5. Finally p(3, q) < p“°™ (8, q),
simply reflecting the fact an institutional commitment at property right protection prevent costly
efforts to be undertaken into the rentseeking contests.

The two policy schedules p(3, q) and p“™ (3, q) are represented in Figure 10, out of which it is

then straightforward to study the dynamics of institutions. More specifically, one can immediately

56 As usual see Appendix C for details.
5TMore precisely, a societal commitment equilibrium with no property rights also requires that z—f be large enough;

see Appendix C for details.
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see that for any given ¢, if 8y > E(q), then 3,1 = B; = By. If instead 5, < B(q), then /3, converges
towards § = 0.

[Figure 10 about here |

We turn now to the dynamics of culture and hence to the socialization incentives of the two
cultural traits AV and AV2. The ”conflict-prone” agents have positive incentives AV(83,q) to
transmit their trait but such incentives decrease with the fraction ¢ of ” conflict-prone” individuals
in society. Similarly the incentives for the ”conflict-averse” agents AV?2(3,q) are also positive.
But, interestingly, their incentives are increasing with the fraction g of ”conflict prone” agents
in the population. A larger value of ¢ reduces the expected payoff of ”conflict-averse” agents
matched with ”conflict-prone” agents, thereby reducing the incentives to transmit their own trait;
at the same time however, a larger ¢ also increases the cost of effort for ”conflict-averse” agents
whose children turn out to be “conflict-prone” and undertake the high effort a'! when facing
other ”conflict-prone” agents in a contest. This effect tends to increase the value AV?2(f,q). It
turns out that this second positive effect actually dominates the first negative one and therefore
the incentives for ”conflict-averse” agents to transmit their trait are positively associated to the
fraction of ”conflict-prone” agents in the population.

With regards to socialization incentives, property rights protection affects negatively the so-
cialization incentives of the conflict-prone and promotes on the opposite the socialization incen-
tives of conflict-averse agents.”®

As a consequence, the cultural dynamics has a unique interior stationary state g (/) which is
increasing in the weight of the ”violence prone” group (. Indeed a larger weight of that group
implies less protection of property rights and therefore a larger diffusion of a culture of violence
in society. Furthermore, ¢ (8) < 1/2.

With respect to the joint dynamics of culture and institutions, we distinguish two cases (that
we represent in Figures 11a) and 11b)).

The first case corresponds to o = i—f — 1 large enough ( the culture of violence gives a
significant advantage in conflicts) and is represented in Figure (11a). Suppose first the initial
conditions (B, qo) are in the stripped region [1, 3,4, A, B]*’; that is, the ”conflict-prone” are well

represented in the initial institutions but not as a fraction of the population. The dynamics of

%8 This feature is consistent with the observation by Cohen and Nisbett (1994) and Grosjean (2013) that a
”culture of honor” and violence in the US South has persisted and be transmitted because of weak institutions of
property rights protection and a need to enforce individually by contest and violence such property rights. It is
also consistent with various anthropological observations that suggest that cultures of violence are more likely to
develop in pastoralist and herders’ societies where property rights protection on cattle is more difficult to enforce
than property rights on land in agrarian societies (see Campbell (1965), Edgerton 1971, Peristiany1965).

where 8*(a) is defined as: 8*(a) = B(q*(a)).

34



culture is not undermining then the institutional set-up serving the interests of the “conflict-
prone” group and the system remains with the initial institutional set-up, 3,,; = 8, = B, with
no property rights protection. The dynamics of culture converge towards the fraction g () of

”conflict-prone” individuals.
[Figures 11a) and 11b) about here]

On the other hand when the initial conditions are outside of the stripped region in the figure,
"conflict prone” agents are not well represented in the initial institutional set-up and/or they
are too numerous. Then the institutional dynamics evolves towards an increased representation
of the ”conflict-averse” agents, increased property rights protection, and a long run fraction of
”conflict-prone” individuals is given by ¢(0) < ¢ (a). It should be noted that p(8, ¢) > 0 along the
equilibrium path, the interaction of the dynamics of institutions and culture leads progressively
towards a reduction of a culture of violence and also less resources spent in these conficts.

Interestingly when 3, < 34, even a smaller fraction of conflict-prone individuals is ultimately
self-defeating in terms of institutional dynamics. While for some time the system does not ex-
hibit any institutional change and 3,,; = B; = [, the underlying cultural dynamics tend to
favor the socialization of the conflict-prone agents towards ¢ («). As soon as ¢; passes the thresh-
old of B_l(ﬁo), endogenous institutional dynamics are triggered inducing the implementation of
more extensive property rights and institutions biased towards the conflict-averse group. As a
consequence of this, the transmission of a culture of violence also regress towards to long run
steady state ¢(0). This example shows therefore cleary the importance of initial institutional
and cultural conditions for the long run of society and the non ergodicity properties of this sys-
tem. Importantly, a temporary exogenous institutional shock that gives more formal power to
the conflict-averse group may trigger a very different long run trajectory of the institutional and
cultural dynamics. Indeed suppose that the society has settled to a point like point A in Figure
(11a) with no property rights and a culture of violence at ¢ (). Then a reduction of 3 below
B4, leads an endogenous institutional response towards further power to the ”conflict averse”
individuals. This in turn triggers reinforcing cultural dynamics towards that ”conflict averse”
group. After a while an inverse institutional shock of similar amplitude will not however bring
back the system towards to region without property rights. Indeed even when the conflict prone
group regains back some formal power for some exogenous reasons, the cultural dynamics have
irreversibly driven the system in a region where property rights are protected and there are less
individual conflicts for the contest of resources. This suggests that external interventions (colo-
nization, foreign aid, invasions) that changes the balance of power domestically between groups

may have long term effects in terms of institutional and cultural evolution.
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The second case corresponds to a = i—f — 1 not too large so that g(a) > g(a). In this case,
represented in Figure (11b), the marginal effort costs ¢; are similar across groups and hence
”conflict-averse” agents are not much different than ”conflict prone” agents. The dynamics of
culture and institutions are such that p(5y,qo) > 0, that is property rights are protected for any
initial conditions (8, qo) € [0, 1]?. The joint dynamics of culture and institutions converge to the
stationary state (0,¢ (0)), characterized by institution giving all power to the ”conflict-averse”
agents and hence a maximal protection of property rights and a small fraction of ”conflict-prone”

agents in the population.

7 Conclusions

Motivated by the recent literature on the root causes of long term development, this paper pro-
posed a simple theoretical perspective to analyze how culture and institutions evolve, interact and
jointly determine socio-economic outcomes. Our framework highlights two major components On
the one hand, institutional change obtains as a coordinated process through which existing social
and political power structures may strategically increase their policy commitment capacity in
order to resolve fundamental socio-economic externalities. On the other hand, cultural dynamics
emanate from decentralized population level cultural evolutionary processes due to voluntary and
involuntary activities between (and within) generations of individuals.

Our approach allows a simple and easily applicable description of the joint interactions be-
tween culture and institutions. Particularly, we provide conditions under which cultural and
institutional dynamics tend to strengthen each other in a complementary way, or on the con-
trary, tend to mitigate each other in terms of their effects on socio-economic aggregate variables.
Exogenous historical accidents propagate over the joint dynamics induced by institutions and cul-
ture, and may therefore have magnified or mitigated effects on long run socioeconomic outcomes.
Importantly, our discussion indicates the extent of the comparative dynamic biais that can be
generated by neglecting one of the two dynamics, when the other one is affected by an exogenous
shock (the so-called cultural and institutional multipliers) .

Conceptually, our framework also suggests that in general the joint evolution of culture and in-
stitutions is highly non-linear. This feature has a number of implications such as: the non ergodic
character of the underlying dynamic processes between culture and institutions, the sensitivity of
equilibrium trajectories to initial conditions, the existence of irreversibility and thresholds effects
and the non-monotonicity of cultural and institutional changes over transition paths. From an
empirical point of view, these phenomena are consistent with the observation of (and the difficulty
of explaining) the great diversity of development experiences encountered across the world. As
well, they suggest that linear regression methods may be at a disadvantage over more structural

analyses of the data.
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Overall, our analysis underlines the fact that the search for a deep and unique origin for the
long-term development can be quite an arduous and probably sterile undertaking. Focusing more
systematically on the positive or negative interactions between culture and institutions along the
development process may appear to be more fruitful in terms of historical understanding, and as

well as in terms of policy implications.
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Appendix A: Extensions

Non-monotonic p(S3,¢g+1). Consider the case in which Assumption 7 is not imposed and
hence p(f3,gi+1) can be non-monotonic. Then the dynamical system for % is characterized by

the following implicit difference equation:

B such that p™(B}, gr41) = p(B, G+1) if it exists,
Biyn = argmax p(B, ¢1) if p (B, qe41) > p(B,qr1), VO < B < 1 olse (14)
arg minp(/Bvqt-‘rl) if pcom(ﬁg’ ’ Qt+1) < P(/B7Qt+1), V0 < B <1

In this case it is straightforward to show that the institutional dynamics might be underde-
termined, that is, equation 14 might define an implicit map (ﬁi, q) — 6% 11 which is multi-valued
in an open set of the domain. In this case it is easy to construct dynamics of 3% which converge

to cycles, as it is illustrated in figure 1.

Distinct political and cultural groups. The societal equilibrium given institutions 3 and

cultural distribution q is a tuple {a, p} such that:

p € argmax, Y., (' > ¢u" (a',p;a,q)

. A . ) (15)
a¥’ € argmax u% (a”,p; a,q) 1el, €.

The societal commitment equilibrium given institutions 5 and cultural distribution q is a tuple
{a™, p™} such that:

{aom, pom} € argmax Y, 'Y, qhuil (¥, psa, q)

) o ] ) (16)
s.t. a¥ € argmax u¥ (a”,p;a,q), 1el, jed

Restricting to dychotomous groups, that is I = {1,2} and J = {a, b} the societal equilibrium,

the societal commitment equilibrium, and the societal optimum can be denoted, respectively:

[a(8,9),p(B,9)]; [a“™(8,q),p°™(B,9)]; [aeff(ﬂ, ), p7(8,q)

Assumption 6 Utility functions are sufficiently reqular so that

Assumption 7 Utility functions are sufficiently regular so that p(f,q) is monotonic in 3.

Adding an index t to denote time, institutions evolve as a solution to the following design

problem:

max Z ﬁiz qziﬂij (aij(ﬁtﬂaQt+1)»p(5t+1a%+1)§G(ﬁtﬂa%ﬂ)) (17)

P iel  jeJ
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Proposition 9 Under Assumption 6-7, and given (qi,qiy1), the dynamics of institutions B,

i € 1, is governed by the following implicit difference equation:

B such that p™™ (B, qir1) = p(By, der1) if it exists,
Bty = 1 aif p™(By, qe1) > p(Byqe41), VO < B <1
0 if p™(By, qe1) < p(B, qe41), YO < 5 <1

It is convenient to define P(,q) := p“°™ (8, q) — p(B, q).

else

Proposition 10 Under Assumption 6-7, for any given q, the dynamics of institutions governed
by (18) have at least one stationary state. An interior stationary states S* obtains as a solution
to P(,q) = 0. The boundary stationary state 5° = 1 obtains when P(B,q) ‘[31':1> 0; while the
boundary stationary state 3' =0 obtains when P(83,q) |gi_o< 0.

Proposition 11 Under Assumption 6-7, for any given q, in the continuous time limit, the dy-

namics governed by (18) satisfies the following properties:
if P(8,q) > 0 for any B° € [0,1], then B° =1 is a globally stable stationary state.
if P(8,q) <0 for any B° € [0,1], then B° = 0 is a globally stable stationary state;
any boundary stationary state is always locally stable;

if an interior stationary state 8% exists, it is locally stable if oPBa) ),

EYR
Cultural transmission implies:
Pti,jj = di 4+ (1 _ dij)qzj
Pl = (1= d¥)(1 - )
14 (/Bt+1a Qt—l—l) = (aij (/Bt+17 Qt—f—l)a p(5t+17 Qt—f—l); a(5t+17 Qt—f—l); %—1—1) (19)
Vi’#j(ﬁtﬂa Gi+1) = u’ <aij, (Bia1> @t+1)s P(Bea1s Gea1); a(ﬁt+1»(1t+1)7Qt+1) (20)

Let C(d¥) denote socialization costs. Direct socialization is then the solution to the following

parental socialization problem:

d'IJ'n&[Lgil] ~C(d”) + Pti’jjvi’jj (Big1sqe41) + Pti’jjlvi’jj/(ﬁtﬂa G+1), s- t. 1) .
ij & ,

Calling AV (B, 1, qe41) = V39 (Byy1, Gre1) — V7 (811, q141), the cultural intolerance of trait
j in political group 4, it follows that the direct socialization, with some notational abuse, has the

form:

A9 = d(q, AVI(By i1, qiy1)) = d7(B,q), i €I, j€J (21)
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Assumption 8 Utility and socialization cost functions are sufficiently regular so that

d¥ = d(B,q) is continuous.

Proposition 12 Under Assumption 8, and given B,,, the dynamics of culture qij s governed

by the following difference equation:

0 —a = a7 (1 q") (a7 7). (22)
evaluated at d = d" (g, AV (By11, qi41)) satisfying (21).

It is convenient to define DY (3, q) := d (B, q) — d7' (5, q).

Proposition 13 Under Assumption 8, for any given 3, the dynamics of institutions governed by
(22) have at least the two boundary stationary states, ¢ =0 and ¢ = 1. An interior stationary
states 0 < ¢¥* < 1 obtains as a solution to D(B,q) = 0.

Proposition 14 Under Assumption 8, for any given 3, in the continuous time limit, the dynam-

ics governed by (22) satisfies the following properties:

if DY(B,q) > 0 for any ¢” € [0,1], then qzj converges to ¢ = 1 from any initial condition
]
QO > 07'

if DY(B,q) < 0 for any ¢” € [0,1], then qzj converges to ¢ = 0 from any initial condition
qéj <1;

if DY(B,1) > 0, then ¢“ = 1 is locally stable ;

if D(B,0) <0, then ¢ = 0 is locally stable;

if an interior stationary state ¢”* exists, an g7 ) < 0, it is locally stable.

If we impose
Assumption 9 Socialization costs are quadratic:

C(d7) = = (d)*

N =

we obtain
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Corollary 2 Under Assumption 9,
DY(8,q) = AV (8,9)¢7 — AVY'(8,q)q",
and hence interior steady states are characterized by solutions to:

AVYI(Bq) _ qY
AVI'(8,1—q) ¢

Under Assumptions 6-8, the joint dynamics of institutions and culture is governed by the

(23)

system (18,22), which we report here for convenience:

B such that p™ (8, qr11) — p(By, qes1) if it exists,
Bir1 = L if po™(By, gre1) > p(B, qr1), YO < 57 < 1 else
0 if p (B, qi+1) < p(B,qi+1), YO < 5" <1

qiil - qij = qij(l - qzj) (dij N dij/) , with d = dij(qlfa Avij(ﬁt+17 qe+1))-

Proposition 15 Under Assumptions 6-8 the dynamical system (18,22) has at least one station-
ary state. Furthermore, if both the institutional and the cultural dynamics display an interior
stationary state, respectively, for all 0 < ¢ < and all 0 < B < 1, then the dynamical system

(18,22) has at least one interior stationary state.

Appendix B: Results on the Dynamical system
[changed the definition in the text - now P(.) = p®™(.) —p(.) - all signs in this proof

In this Appendix we study in some detail the dynamics of our economy. We shall restrict
to the case in which j = i, as introduced in footnote ??7. Furthermore, we keep adopting the
convention that, when an apex ¢ is omitted, it refers to i = 1.

We study then the dynamics of (3,,q;) € [0,1]2. We shall study the dynamical system in
continuous time, but it is simpler to describe it in discrete time, as we do in the text. The

fundamental dynamics equation, as reported in the text as equations (18,22), are the following;:

3 such that pcom(BiT,qul) = p(B, q§+1) if it exists,
Bfﬁ—l—l = L if pcom(5§>qg+1) > p(ﬁ,q§+1), Vo< B<1 clse )
0 ifpcom(ﬂémcﬁ-t,-l) < p(ﬁa »Q§+1)» \V/O S B é 1
G —a =d' (1 —q)) (d —d7), with d' = d(q}, AV (B 11, 4141))- (q)

We impose Assumptions 6-8 and we further assume for regularity that all maps, p(3,q),
p°"™(B,q), AVY(B,q), AVI(B,q) are smooth.®

0 As in the text, we continue to drop the index 4 when convenient, under the convention that (3, q) = (8%, ¢").
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The dynamics of 3, given q. Let f : [0,1]?> — [0, 1] denote the map which governs the dynamics

of ;. 1; that is, which satisfies equation (/) and, in the continuous time limit:

Bt = f(ﬁtaqt)-

Lemma A. 1 Under our assumptions, f : [0,1]> — [0,1] is a continuous function in (B;,q:) €
[0, 1]2.

Proof. Consider equation (). First of all note that when p(8;, 1, q+1) = p“™ (B4, q:) is not
satisfied for any 3, ;, for some (g, gi+1), the assumption that p(5,¢) is monotonic implies that

Ccom (

Biy1 is = 0 or = 1, depending on the sign of p“™(8; 1, q:+1) — P(Bs, q¢)- In the continuous time
limit g;11 = ¢ and hence, in this case, trivially, f maps continuously (3,,¢:) € [0,1]? into {0}.
Consider equation (), again. We show that §,,; is a continuous function of B, ¢, gi+1
when p(By,1,qi+1) = p“™ (B, q¢) is satisfied. To this end note that the assumed monotonicity
in 3 of p(5,q) implies that, when p(8;, 1, q+1) = p“™ (B, qt) is satisfied, we can write 8;,; =
pY(p, qt, qe+1) and hence B, = p~(p®™(By, @), qt, G1+1), a continuous function. Again, in the
continuous time limit ¢;+1 = ¢ and hence we can construct a continuous function f : [0,1]> — R

such that 8, = f(8;, qr)-
Finally, it is straightforward to see that as p

com (

Bri1,@+1) — P(Bi,qr) crosses 0 By =
P~ (p°™(By, 1), s, qi1) converges continuously to 0 or 1 depending on the direction of the cross-

ing so as to preserve continuity. |

Let the 3 : [0,1] — [0,1] map g € [0, 1] into the stationary states of f; that is, 3 : [0,1] — [0, 1]
satisfies

0= f(B,q), for any 5 € B(q)

Lemma A. 2 Under our assumptions, the map (8 : [0,1] — [0,1] is an non empty and compact

valued upper-hemi-continuous correspondence with connected components.

Proof. The proof is a direct consequence of the continuity of f proved in the Lemma A.1.
[ |

Let P(f,q) :== p®™(B,q) — p(5,q). We consider only the regular case in which P(3,q) # 0 at
the vertices of [0,1]2, leaving the simple but tedious analysis of the singular cases to the reader.
Also, we say that ¢ is a regular point of 8 € ((q) if any stationary stationary state 5 € B(q)
satisfies that property that %g’q) # 0; that is if p(8,q) and p®™(5, q) intersect transversally.
The characterization of 5 : [0,1] — [0, 1] depends crucially on the topological properties of the
zeros of P(B,q). Let m:[0,1] — [0,1] map ¢ into the stationary states  such that P(S3,q) = 0;

that is, the map 7 satisfies P(7(q),q) = 0.
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Proposition A. 1 The dynamics of 5, as a function of q € [0,1] has the following properties,

1.

P(0,q) > 0, P(1,q) < 0, for any q € [0,1], and p(B,q) is increasing; or P(0,q) < 0,
P(l,q) > 0, for any q € [0,1], and p(B,q) is decreasing. For any given regular q € [0, 1]
there exist an odd number of reqular stationary states 5 € w(q); furthermore B = 0,1 are
also stationary states for given q € [0,1]. The stability properties of the regular stationary
states alternate with the smallest and the larger being always locally stable; the boundaries
B =0,1 are locally unstable for all q € [0,1].

P(0,q) < 0, P(1,q) > 0, for any q € [0,1], and p(B,q) is increasing; or P(0,q) > 0,
P(1,q) <0, for any q € [0,1], and p(B,q) is decreasing. For any given q € [0,1] there exist
an odd number of reqular stationary states 3 € w(q); furthermore f = 0,1 are also stationary
states for given q € [0,1]. The stability properties of the reqular stationary states alternate
with the smallest and the larger being always locally unstable; the boundaries 8 = 0,1 are

locally stable.

P(0,q) < 0, P(1,q) < 0, for any q € [0,1]. For any given q € [0,1] there exist either
none or an even number of reqular stationary states 8 € w(q); furthermore 5 =0 is also a
stationary state for given q € [0,1]. The stability properties of the regular stationary states

alternate with the smallest always locally unstable; the boundary B = 0 is locally stable.

. P(0,q) > 0, P(1,q) > 0, for any q € [0,1]. For any given q € [0,1] there exist either

none or an even number of reqular stationary states B € w(q); furthermore B =1 is also a
stationary state for given q € [0,1]. The stability properties of the regular stationary states

alternate with the smallest always locally stable; the boundary B =1 is locally stable.

P(0,q) and/or P(1,q) change sign with q € [0,1]. The characterization obtained above then
can be repeated for each sub-interval of [0,1] in which the Brouwer degree of the manifold
7(q) is invariant (see the proof). We leave the tedious cathegorization of all possible cases

to the reader.
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e Continuous time joint dynamics between institutions and culture.

Let us define first the following function 5 (B8,q):

N ﬁ such that p®™(f,q) — p(ﬁ, q) =0 if it exists,
B =4 [1 B> pda, SF <1 (24)
0 if p™(B,q) <p(,q), VO< B <1

and consider the continuous time limit of the system, where the change in institutional set-up

and cultural composition between time ¢ and ¢ + dt are Adt and pudt, for dt — 0.5

B = A|B(Bua) -8  with B(B,q) defined in (24) (25)
Qt = NQt(l_Qt)G)(ﬁta%) with @(5“%)2 dl(Qt,Avl(ﬁtaQt))—d2(Qt7AV2(ﬁt7Qt))

given the initial conditions (g, qo) -
As usual, we denote the partial derivative of a variable x on another variable y as 0x /0y = .

The linearized local dynamics around the interior steady state (5*,¢*) can then easily be

obtained by
() 25 S, V(1)

q —nGq* (1—(1) qu Pp uGq* (1—‘1)[1—@2'%] q

where G = —(AVY(p(B*,¢*)) + AV2(p(B*,¢*)) < 0 and where
The local stability of the interior steady state (5%, ¢*) of (56) is obtained under the standard

Hessian conditions:

[M > 0 (27)
ps lgg
1-— [pq . Z]\p](,ﬂ*,q*) > 0
~ Pp — pcom -~ com
{(1—pq-qp)-[—ﬁ]+qp-(p—pq ) > 0
pIB - (B*vq*)

e Dynamic Complementarity and Substitution between institutions and culture

Let us show the following lemma:

61 As is well known, discrete time dynamics may generate complex dynamic behaviors that are difficult to char-

acterize and go beyond the points we want to emphasize about the co-evolution between culture and institutions.
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Lemma A. 3 Under Assumption 5, institutional and cultural dynamics are complementary at

a locally stable interior steady state (5*,q*) if

AVi(p)
dP * % d 5
aPB", ") has the same sign as M ; (28)
dq dp

p(B*,q*)

they are instead substitute if the signs are opposite.

Proof: As said in the main text, we say that institutional and cultural dynamics are com-

plementary at (8*,¢*) when

d@gﬁ and dqd(ﬁﬁ) have the same sign. (29)
Simple differentiation provides that
asla) _ (pe— g™
dgq pg — Pz
dgB) _ _ dws
dg 1 —pg- Z]\10

thus condition (29) is equivalent to

dB(q) dq(B)

“ag g -
or
=) s 0
pg—py"  l—pg-ap

Given the Hessian conditions (27) for local stability, at an interior locally stable steady state

(6%, q*), this condition is equivalent to

(g™ = Pa) - @] @) =0

Recalling that the cultural manifold ¢(3) is obtained from

AVi(p) g
AV2(p)  T_g ndp =p(B,9)
and that P(3,q) := p°™(8,q) — p(B, q), differentiation provides immediately
4 (A0
a AVZ(p)
[(Péom — Pqg) * ] B ") Py(B,q) - % (1—¢q)?
p(ﬁv‘]) (B*7q*)

and thus institutional and cultural dynamics are complementary at a locally stable interior steady
d Avlgp)>
AVZ(p)

state (5%, ¢*) when P, and (T have the same sign at (8%, ¢*). Obviously they are dynamic
substitute otherwise. QED
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e Oscillations and Cycles

- Proof of proposition 9: Consider first the situation of an interior steady state (8*,¢*) of
(25) that is locally stable.

As we know the local stability conditions ensure that the trace T' < 0 and that the determinant
A > 0. Standard considerations provide moreover that one has dampened oscillations (a stable
spiral steady state equilibrium) in cultural and institutional change when 72 < 4A. This last

condition writes as:

com

Pg

2
+uG* ¢ (1—¢")[1—qp ‘pq]} < AMuG*q* (1 —q%)

+@p - (7™ — pg)

or after manipulations

l:)\T - NG*q*(l — q*) [1 — qu . pq]:| < 4)‘HG*Q*(1 . q*)sz ' (pgom _pq)
with G* = —(Avl(p*) + AV2(p*)) < 0. Using (56) and substituting provides that G*¢*(1 —
*\ __ Avl(p*)AVQ(p*)
q ) = TAVI(pY)+AV2(p*)

The condition for dampened oscillations then rewrites as:

Ccom

N AVI*AY2* 2 AVI*AY2*

1-3G,- 4
 PAVE g Ave LT Bopd] <

com

NN )

(30)

Given that the left hand side of this inequality is positive, it follows that there are no damp-

ening oscillations in cultural and institutional change when institutions and culture are dynamic

com

complements (ie. [ij : (pq — pq)] ) 0) at the interior locally stable steady state (8%, ¢*).

- Condition for dampening oscillations: Conversely we have dampening oscillations when

(30) is satisfied. In the case of dynamic substituability ’Z]\p (" — pq)} = —qp - (P"™ — pg) and
thus there are non monotonic dynamics in culture and institutions when
B 6™ — )| > AV 4 AV 1 [ PF" P AVISAV 1] ?
o Wa TPV T TRVIAVE Dy |1 py AV R AvE L T P
or
AP —ps o AVIFAV2* R 2 AVIAV2E
- ~ 1 _ . 4— . com 1
U ps NAVLx +AV2* [ dp pQ] < AV 1* +sz* ’qp (pq p‘Z)} (3 )
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Using the local stability conditions for the Hessien at (5%, ¢*), we can pose

Bs D5 _ .0
Ps
Avl*AVQ* R
AV Ape TG pad = 0> 0
AVIsAVZ
AV Ay b (07" =) = M >0

and denoting x = u/\ the relative rate of change between culture and institutions, condition (31)
rewrites as

(—a+bx)? < Mz (32)

Simple examination of this condition reveals that (32) is satisfied when = € (x_ ;z) with

(2ab + M) £/ (2ab + M)* — 4(ab)?
T4 = b2 >0

Hence we get non monotonic dynamics of institutions and culture around the locally stable

steady state (5%, ¢*) when institutions and culture are dynamic substitutes and the relative rate

of change between culture and institutions is neither too low, neither too high. QED

Proof of proposition 10: Assume the "partial” stability of the steady state, in the sense
that the steady state institution 8* is locally stable when culture remains constant at ¢ = ¢* along
the institutional dynamics, and conversely the cultural steady state ¢ = ¢* is locally stable when
the institutional context remains constant along the cultural dynamics. Formally this implies
that: com

{p—ﬂ e } <0
Ps 1(B*q) (33)
1= [pg - Gpl(ge 4oy > 0

Suppose that conditions (33) are satisfied at an interior steady state (5%,¢*). Then with
enough regularity of the policy functions p™ and p, there is a connected neighborhood of (6%, q%)
such that the trace T'= A [W;T—p,g] —puGq*(1—¢*) [1 — @y - pgldoes not change sign on that domain.
The Bendixson Negative Criterion precludes then the existence of local periodic orbits or limit
cycles around (8*,¢*) in that domain.

Note that when (33) are globally satisfied for all (3, ¢q) € [0, 1] x [0, 1] ,.it is not possible to get
globally periodic orbits and limit cycles in institutional and cultural evolution. Indeed given that

in the simple connected domain D = [0, 1] x [0, 1].the sign of the trace T = A [p%om—;pﬁ] +uGq*(1—

P
q*) [1 — @ - pql is always strictly negative, the Bendixson Negative Criterion again precludes the

existence of periodic orbits of (25) in this domain. QED

e Cultural Multiplier
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- Proof of proposition 11:

We assume condition (??) holds which can be restated compactly as:

op(B*, q¢*,7) peom _O0P(B",q%,7)
s VBT TR T T,

The comparative statics on (8%, ¢*) on the parameter are then easily obtained by differentiation

of (56). Tedious computations provide

pp = >0 (34)

ag* (P57™ = py) + (05" — Pq) G Jp@
T () - o) i
d* _ gws PV p) + (07" ) b
o el (p —P%"m) = (P = pa) Bz

Consider now the impact of a change in « on institutional change, if there were no cultural co-

evolution. (ie fixing ¢ to its pre-shock value). Differentiation of the first equation of (56). provides

immediately

>0

() - mom)

d’y (p,B _ p%om>

The last inequality comes from our stability condition (27) (pg p%°m> /pg > 0 coupled with
condition (34. This tells us that a change in v leads to a positive change in the institutional
weight (3, taking ¢ as constant. Using this, one may obtain the full impact of v on institutional

change ( ie. taking into account the joint evolution with culture) as the full change of institutions

—

* * - com +
ag* <dﬁ > + (P —Pa) Gy (po—rg™) 2 P
dry &Y ) g (m _ p%om> 1= pglp | _ (P =pa) - ps

ps —Pgom) dp 1—pqdp

Hence the Cultural multiplier on institutional change p, at (8%, ¢*)
(@) (&),
dry Ty -

< com

2 _p’y)
(pgom _ pq) a\p (pﬁ pcom)pﬁ +p'y

_ com 1 pq qp ( com ,pq) p,@
(pﬁ pﬁ > 1- (pB pg’m ) ap 1-pqap

is positive if and only if

>0

The stability condition coupled with (34) imply that (pg —pz?m> >0, 1 —pgg > 0, 1 —

8;; p;n‘i%qpl 1;5(1 > 0, and %pg > 0. When p, > 0, it follows that Mpg +py > 0.

(o 77)
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Therefore m > 0 if and only if (pgom — pq) ¢p > 0, which defines exactly the condition for institu-

tions and culture to be dynamic complements. QED

- Cultural Multiplier on an aggregate variable A(p,q,a'(p),a?(p)) :

We may decompose the effects of a shock as follows:

dA

2 _ps | 45
dry

[Ap + (Aal CL; + Aazag)] ps + [Aq + [Ap + (Aal azl, + A2 ag)} pq] 1_ pq(/]\p &

direct effect

indirect effect

The effect of v on institutions will come from a direct effect as well as an indirect one. The
direct effect in turn will be composed of two terms: a direct effect of the policy change induced
by an institutional change pg on the aggregate variable A (i.e., the term A,), and the impact of
changes in private actions al(p) and a?(p) as induced also by the policy change pg), the term
(Aal all) + A, a]%) pg). The indirect effect of cultural evolution will come from the compositional
effect of changing the cultural group sizes (A ), plus again the change in policy and private actions
[Ap + (Aal a;, + Aazag)] pg Which such a cultural compositional change induces.

Furthermore,

A *
<d—> = [Ap + (Aalall) + Aaza]%)] bg - <d6 >
dry a=q* —g*

recalling the cultural multiplier on institutions as m = {(‘ﬁ) / (%) — 1} , one obtains
9=q*

easily the cultural multiplier m 4 on the aggregate variable A as

dA <dA>
mpgp=—/|— -1
dry dry =q*

It rewrites as :

_ Aq"’ [Ap“‘ (Aalall,+Aa2a]2J)] DPq E]\ppﬁ . (1+m) (35)

A [Ap + (Aal all, + A2 a]%)] D3 1-— Dqp

or finally the following expression:

~

Aq dp
[Ap + (Aga) + A2a2)] pq] 1- pqqp( ) (36)

ma =
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Online Appendix:

e Sufficient conditions for the existence and monotonicity of the societal equilib-

rium p(f, q)

We consider the case with 2 cultural groups i € (1,2) with respective population fractions
q¢' =1—¢*=q € [0,1]. The policy p is unidimensional in a closed interval domain. Without loss

of generality we note p € [0, 1]. The indirect utility function write as
u'(a,p; A, q)

where the individual private action a' € [0,1], A is an aggregate population level index A =

1

A(a',a?,p,q). depending on individual actions a!,a?, the policy variable p and the population

structure q.

We assume that u’(.) is twice differentiable in (a’,p; 4,q) and strictly concave in a® (ie.
ut; < 0). The aggregator function A(.) is differentiable in (a',a?, p,q) and such that the image
of [0,1]* by A(.) is an interval [Ampin; Amax] -We assume the following boundary conditions

ui(0,p; A, q) >0, ui(1,p; A, q) <0 forall (p,A,q) € [0,1] X [Amin; Amax] x [0,1]

These conditions and the fact that u’(.) is a strictly concave function in a’ ensure that the
optimal individual behavior for a given value of p and A is characterized by a continuous function
a’ (p, A, q) € [0,1] obtained from the First Order Condition:

ui(a’,p; A, q) = 0.
For given values of p € P and ¢ € [0,1], a Nash equilibrium in private actions a'N, a?N and

aggregate index A" (p,q) is characterized by the solution of the following system :

atN = ¢ (p, AN,q) for i€ (1,2) and AN = A(a'N,a*,p, q)

which translates into the following condition for A :

AN = A(a' (0, AV, q), o® (0, AV, q),p,q) (37)

The following sufficient conditions ensure the existenc of a unique Nash equilibrium in private
actions a'™ (p,q) , a*¥ (p,q), AV (p,q) :
1_1»_217214;%121 > 0 for all (a,a®,A,p,q)
A(a (9, Amin, @), @* (D, Amin, @) @) > Amin for all (p,q) € [0,1]?
A(a! (p, Amax: @), @° (P, Amax: @), @) < Amax for all (p,q) € [0,1)?
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The first condition ensures that the function I' (z,p,q) = = — A(a' (p,,q), a® (p,z,q),p,q) is
increasing for all (p, q) € [0, 1]2. The second and the third conditions ensure that I' (Ampin, p, q) <
0 < T (Amax,p,q); Together these conditions ensure the existence of a unique value AN (p,q)
satisfying (37) and thus correspondingly a unique Nash equilibrium profile a'¥ (p, q), a®" (p, q).

Moreover simple differentiation provides

j
D)
dAN Ap+ 2 o124 m—y
dp B wl
1Y, A
J=L2705 )
j
; ; A L AL
i udy oy T2 AR
dp —ut —ul J
11 11 o T
1 Zj:mAj,uau

The condition for an interior societal equilibrium p(f,q) is obtained from the FOC of the

policymaker
Buy(a',p, A q)+ (1—B)uj (a®,p,A,q) =0

and after substitution of the Nash equibrium private actions a' (p,q), a*V (p,q), AN (p,q)
rewrites as :

Y(p,q,8) =0 (38)

with
U(p,q,B8) = B us(a™N (p, ), p, AN (p,q),q) + (1 — B) u3 (a®™ (p,q),p., AN (p, q). q)

Moreover a corner societal equilibrium p(3, ¢) = 0 (resp. p(8, q) = 1) obtains when ¥(0, ¢, ) <
0 (resp. ¥(1,q,5) >1).

A sufficient condition for the existence of a unique societal equilibrium p(3,q) is the fact that
the function ¥(p, ¢, B) is decreasing in p for all ¢ € [0,1]. Given the smoothness assumptions on
the functions () and A(.) this is satisfied when the following condition holds

i

d . . dA
UZ12d_C;) + Uy g <0 foralli€ (1,2)

This rewrites in terms of the fundamentals as

J J
; ; A+ > A A+ Y AL
1 7 7 = 7 =
Uqg Uqo ujz P J=12775 4l Uhgy P 3=1,2 % " -1
—Uuby | —uj —u? j —ul j
22 11 11 _ /U3 22 _ ) _Uig
1 Zj:l,z Aj_ 7 1 Zj:l,z Aj_ 7
U1y Uy
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or

J
) . . . A, + AL Y12
(11,) +<%% UZQ?’ ) ARRELE BN

UgoU Ugg U7q (_“22)

with A, = dA/0p, and A; = 9A/da?,. This condition is more likely to be satisfied when ’uzll}

and !ulm‘ are large enough.

To obtain a condition ensuring the monotonicity in 3 of the societal equilibrium p(S3,q), we

may differentiate (77). We get
op _uy—uj

o -V,

Thus p(/3, q) is monotonic in S when u% — ug has a constant sign.

- These conditions simplify for the case of preferences structure with characterized by some

degree of separability:

u'(a,p;A,q) = ula,p; A, q,0;)
= U(a’7p791)+H(paA)

and 67 > 0. Such preferences lead to

a* = a(p,6s)

AN = A(a’(p7 01)7 a(pv 02),]), Q)

Vo = a(p, 61)
(

A sufficient condition for the existence of a unique societal equilibrium write as (given that
ujg = 0)

. 2 .
(vi2) < Hpa ) ) Vo ‘
. — + 4 A, + g Ai—=1 <1 forie(1,2)
[v3s + Hiyp) 01 —(vig + Hpp) 8 T2 e

where v}, = v" g (a,p,0;) . Now

’LL% - ’U/% = u2<a’1N7p7 AN7 Q701) — U2 (a2N7p7 AN7Q7 92)

= U2 (a(pa 91)7]7,91) — V2 (a’(p7 92)7p7 02)

Thus a sufficient conditions for the monotonicity of the societal equilibrium p(3, q) is that v, (a(p, 8),p,6)

is monotonic in 6, or after manipulations that vap(_”%) + vpg has a constant sign.
aa
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Consider as an example the preference structure
u(a,p, A7 q, 9) = (1 - p)a + HW(l - a’) + H(pa A)

with W (.) a strictly increasing and concave function, A = ga' + (1 — ¢q)a? , H(p, A) concave in p.
We have

ve = (1—p)—0W'(1—a), v,=—a

Vagp = —1,vs0=-W'(1—a)
Ve = —0W7(1—a)
vpg = 0, vpp =0

Then the sufficient condition for a well defined societal equilibrium p(53,q) writes as:

1 Hpa 1
H,,0W" "\ —(H Gy wo
pp¥t ( Pp) j=1,2 J

<lfort=1,2

When H,4 > 0, given that —(Hp,,) > 0 and [Zj=1,2 QJW < 0, this condition is satisfied
when W < 1, which in turn holds when 1 < H,,W”0>. This is satisfied when H,,W” is
ppY
sufficiently large (enough concavity of W and H respectively in a and p).

When H,4 < 0,this sufficient condition can be rewritten as

% — 4pA Z q]‘% < HyppW?”
' j=12 7
which again will be satisfied when H,4 is bounded from below on the relevant domain [0, 1] x
[Amin, Amax] (ie. Hpa > —K, with K > 0) and Hp,W” > (14 K)/6>. This will be also satisfied
when there is enough concavity of W and H respectively in a and p.
Finally the monotonicity of the societal equilibrium function p (3, ¢) holds when vap(_L‘)a) +vpg

Va

has a constant sign. here
/

w
+Up0:TVV”>0

Thus the societal equilibrium function is monotonically increasing in 3.

v Vab
° (—Vaa)

e Sufficient conditions for the existence of the societal commitment equilibrium
P (B, q)

The societal commitment equilibrium given institutions S and cultural distribution q is ob-
tained from the following programme
N
max [ u' (a'N,p; AN, q) + (1 — B) u? (02 , P; AN,q)

sit. aN =a™N (p,q) for i€ (1,2) and AV = AN (p,q)
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Denote then the function

Qp,Bq) = Bu' (™ (p,q),p A" (p,9).q)
+(1=B) u? (a™ (p,q) . p; AV (p,q), q)

The first order condition for an interior societal commitment equilibrium p“™([3,q) writes as

Q(p,Brg) = Busa,p, AN )+ (1 - B) u (a®™,p, AV, q)
dAN
+ (6 u%)(alN?p7 AN7 Q) + (1 - /B) u% (a2N7p7 AN7 Q)) d—p
-0

To ensure an optimum in € (p, 3, q), a sufficient (strong) condition is to have that Q,,(p, 5,q) <0
for all p € [0, 1]. Differentiation provides (with the notation g* =1 — % = 3)

. dadt A A
Qp(p,B,q) = B (uf + by + Uy ——
Pp( ) i;2 ( 12 dp 22 23 dp )

+i§25 [u13 & + ug3 +u33] o

N

3 d 2
i=1,2 P

Thus a sufficient condition for €,,(p, 3,¢) < 0 is that for ¢ = 1,2 one has

12 dp 22 23 dp 13 dp 23 33 dp 3 dp2
recalling that _
. . ) G
da'V ol ul3 Ap +2jm12 4 —ul,

dp

—u —u J
11 11 1 _ LT
[1 2j=124] _ujl‘l]

and

J
day A+ AT
dp -

[1 - Zj:l,Q AL ]

.
I —ugy

Tedious manipulations provide then that a sufficient condition for €,,(p,3,¢) < 0 is that the
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following expression

J
. L 1 _Uig
. u’ 2 . Lol . . Ap + Zj:LQ Ajf J
Dl — 12 + b, + 2(“13“12 + ol )+ ) U1
I Ugg o U3 U3s P
—Ug Uy -\ IGT
[
. 2
i V2| Ap+ D Az 2 AN
(ul3) P J=1270 " ;d°A
‘ Un———
—uqy 1 Al “{3 ’ dp2
- Zj:1,2 il

is negative for i = 1, 2. Because of the term in d?A" /dp?, this involves complicated conditions on
the third derivatives of the indirect preference functions. When preferences are separable of the

form

u'(a,p;A,q) = ula,p; A, q,0;)
= U(a’7p791)+H(paA)

the expression D’ simplifies somewhat to

. 2 .
‘ (vap) ; Vg
D' = i v, (QHpa + Haa) (Ap + ) A=)
aa ]:172 _Upp
d>AN
H
+114 a2

and Q (p, B, q) is strictly concave in p when v (a, p, 6;) will be sufficiently concave in (a, p).
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Appendix for Examples
1) Elites, workers, and extractive institutions

Let workers be group ¢ = 1 and the elite be ¢ = 2. Both groups can transform labor ono-for-
one into private consumption goods. Let a’ denote labor exerted by any member of group i. Let
s denote the initial resources each elite member is endowed with. Let p denote the (income) tax
rate and GG the public good provided by fiscal institutions. Preferences for group ¢ are represented

by the following utility function:
ul (ai, G,p) = (ai(l —p)+ si) +0v(1—ad)+Q-G.

Our characterization of the distinction between workers and the elite in terms of cultural

values and technologies requires that:

i) the parameter 6" representing the preference for leisure satisfies 6! < 62

ii) Initial resources s’ satisfy : s' = 0, s? = sii) Initial resources s’ satisfy: s! = 0,52 = s.

!
Furthermore we assume extreme preferences for leisure of the elite, 6% > Z,g >1=46In
this case, members of the elite never work, a? = 0, and consume their resources, s.

The optimal behavior of the mass workers is determined by:

a' = a(p) = arg max u (1=p)a)+v(l—a)

and thus

€ (0,1) and determined by (1 — p)u' ((1 —p)a) = v'(1 — a) when p < pg
a(p)
=0  when p>pg

with pg the tax rate over which the optimal effort is equal to O :

e The societal equilibrium policy:

The societal equilibrium policy p(B,q) is characterized by the following conditions

p € arg max Wip, a',a®,G) = pu' (a',G,p) + (1 - B)u’ (a*; G) (40)
pe K
s.c.G = plga' + (1 —q)a?], for given a',a®.

63



al = a(p) =arg max u (1-=p)a)+v(l—a) (41)
a? = 0= argmgxu(s +a(1—p)) + %1 —a)

We then get the following characterization:

Characterization of societal equilibrium policy:

Assume v/ (s + a(0)) < Q < /(s), there exists two thresholds 3(¢) and B3(¢) such that 8(g) <
B(q), for all ¢ € [0,1] and such that

i) For 0 < 8 < B(q), p(8,9) € [po, 1], a(p) =0 and G = 0.

ii) For B € (B(q),B(q)) then p(83,q) € (0,po) and a(p) > 0 and G > 0. p(B3,q) is decreasing
in B and decreasing in gq.

iii) For 8> B(q), then p(B,q) =0, a = a(0) > 0 and G = 0.

Proof. 1) Substituting (41) into the first order condition of problem (40) provides the following

conditions characterizing a stable interior societal equilibrium policy:
E(p.q,8) = =B’ (1 = p)a(p)) - a(p) + Qg - a(p) =0
Thus when a(p) # 0 (that is for p < pg), this is equivalent to
O(p.q,8) = =B« ((1 —p)a(p)) + Qg =0

Now the function ©(p, g, 3) is decreasing in p as long as a(p) is decreasing in p (something that

is ensured when the utility function u(.) satisfies *Z:/((;”))w < 1). As well we have :

©(0,9,8) = =B - v (a(0)) + Qg < 0
if and only if
__ Y%
' (a(0))
Note that 3(q) is increasing in ¢. It follows immediately that for 3 > 3(q), O(p,q, 8) < 0 for all
p € [0,1] and the only possible societal equilibrium is the corner solution p(3,q) = 0.

B> B(q)

ii) Similarly note that

when 8 > B(q) = 152(%). It is easy to see that B(q) < B(q). Hence for B € (ﬁ(q),ﬁ(q)), we
then get that ©(0,q,8) > 0, ©(po,q,5) < 0 and O(p,q, ) decreasing in p. Therefore there
exists a unique p(5,q) € (0,pp) such that O(p,q, 5) = 0. At this point we obviously have a(p) >

0 and G = ¢-a(p) > 0. Moreover, one can immediately see that ©3(p,q,3) < 0 and that
O4(p(B,4q),q,8) = 2> 0 and thus p(f, q) is decreasing in 5 and increasing in gq.
iii) Finally note that when 5 < 3(q), ©(po, q,8) > 0 and Z(p, q, ) > 0 for all p < pg . From

this it follows the best response of the policy maker to any effort of workers a(p) > 0 is to choose
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a policy p > pg. Given that with a(p) = 0, the policy maker is indifferent with any policy p > po.
Moreover for all policies p > po , one has a(p) = 0. It follows therefore that for 3 < 8(q) p(f,q)
can be any policy in [po, 1] associated to a = 0, no production and no provision of the public good

(ie. G =0). A natural selection of this equilibrium correspondence is p(3,q) = pp. QED. R

e Societal commitment equilibrium policy:

Denote now

W(p,B,q9) = Bu'(a'(p),G,p)+ (1B (a*(p),G.p)
= ﬁ [u (a(p)(1 — p)) +v(1 —a(p)] + (1 — B) - [u(s) + 6%(1)]
+Qq[p - a(p)]

with G = ¢[p-a(p)]. Then the societal commitment equilibrium policy p°°™(f,q) for any value
of (8,q) € |0, 1]2 is the solution of the following program:

p € argmax Wi(p, 5, q).
We get the first order condition characterizing an interior solution as

Wy(p,B,q) = —B-u ((1-pa(p))-a(p)
+Qq - [a(p) + pay(p)]

We assume that W(p, B, q) is strictly concave in p. This holds when |v”] is large enough and

p - a(p) is concave in p*2. Then we have the folllowing characterization:

52Tndeed

Wpp = [u”( p)ap)a—l-u'ap]
[>\+(1— )] [pa(p)]”

[ "(a) + [w(1 = p)a+u]
QA+ (1 =g [palp)]”

differentiation of the workers’ first order condition provides:

1_d;a1_u'+(1—p)au

ap_ dp - u”(l—p)Q +U”

now after substitution, one gets

(u/)Z +2(1 —p)u'u"a ! //(a)

" 2 " ’
—U (a) + [U (1*p)a+u]ap: u//(l_p)2+vll

when |v”| large enough. Hence Wpp < 0 when [v"| is large enough and pa(p) is concave in p.
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Characterization of societal commitment equilibrium policy:
i) For B < B(q), p®™(B,q) € (0,p™*] and is characterized by the following equation:

—B -4 (1= p)a(p)) - a(p) + Qq - [a(p) + pay(p)] = 0

max

and p™** = argmax, pa(p).

ii) For 8 > B(q), p"™(B,q) = 0.
iii) p®™ (B, q) is decreasing in 8 and increasing in gq.

iv) p™(8,q) < p(B,q), VB < B(q), and q € (0,1] .

Proof. i) It is easy to see that for 3 < B(q),

Wy(0,8,9) = —B- (a(0)) - a(0)
+Qq - [a(0)] >0

and
Wp(0™, 8,q) = —f - ' ((1 — p™)a(p™™)) - a(p™™) < 0

Thus p®™ (8, q) € (0,p™*] is obtained and is characterized by /I/I\?p(p, B,q) =0.

ii) Conversely for 3 > B(q), WP(O, B,q) < 0and p®™(8,q) = 0. Finally given that ng (p, B, q) <
0 one has p®™ (3, q) is decreasing in (3. Similarly qu(pcom,ﬁ,q) = Q- [a(p) + pay(p)] > 0 for
p < p™@*. Hence p®™(f3, q) is increasing in g.

iii) Finally at p = p(5,q) € (0,1), it is easy to see that Wp(p(ﬁ,q),ﬁ,q) = Qq - [pay(p)] <0
for < B(q)) and q € (0,1]. Given that W(p, B, q) is strictly concave, this implies that p(3,q) >
p™(B, q) for that range of parameters § and q. QED. ]

e Cultural Dynamics :

- For 8 € (ﬁ(q),ﬁ(q)), the parameters of cultural intolerance AV!(p) and AV?2(p) are given
by

AVp) = u((1=p)a(p)+ vl —ap))

AVE(p) = u(s)+6%(1)
—[u(s+ (1 —p)alp)) + 6*v(1 — a(p))]
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AV1(p) is obviously decreasing in p. For AV?2(p) we get

dAV?
dp

= —[-da+ (¢ (1-p)—06%)ay]

= da+ (0> —1)Wa,
(1= pan”
u//(l _ p)2 + ,U//

= da+(0>-1)(1-p)-u

when [v”] large enough .

We conclude that AV*'(p)/AV?2(p) is decreasing in p when v(.) is concave enough. In that
region as p = p(f3,q) is in fact a decreasing function of § and increasing function of g, it follows
that AV!/AV? is an increasing function of 3 and an increasing function of q.

- For B > B(q), AVY(p) = AV(0) and AV?2(p) = AV2(0) are constant.

- For 8 < B(g), It is easy to see that AV'(pg) = AV?(pg) = 0. and there is no cultural
dynamics in that region.

Cultural steady states are determined by:

AVIpBa) 4 g _
AVZp(B,q) | 1-q 7€ (8(a). 5(@))
AV(0) q —
AVZ(0 g or =8

)
g = qofor B<p(q)

In the region 8 € (ﬁ(q), ] (q)) it is easy to see that when [v”| large enough, this determines
an upward sloping curve ¢ (8) in 8. In the region 3 > 3(q), whenever it exists, this determines a
vertical sloping curve g = ¢o.%

Finally note that Note that as 5 — B8(q)+

dAV? (p—po)? [d?AV?
AVip) = AV? —
R R e R e =

_ 2
_ _(p pO) [u/(o)] a;/g(p[))

2
" dAV? ( )2 [ 2AV?
- %
dp ) b 2 dp? "
— 2 dQAv2
AVE(p) = (p = po) (0% — 1) @ (po) + g on) < dp? )
P Ppo

53The condition for such vertical part to exist is simply

_ AV(0) ' (a*(0))
© = AVI0) FAVEQ) T 0
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Thus
i AVB9) —{p) [4/(0)] ap (o)

im =0
g=slay+ AVA(p(B;9)) — s-5la)r+ (02 — 1) al,(po) + 252 (d?AW)
Po

2 Tdp?

and thus therefore the manifold g (8) charactering the cultural steady states for 8 € (3 (q),B(q))
touches the region 5 < (q) at the point ¢ = 0 and § = 5(0).

The description on the two configurations of steady states (case a) and (case b) depends on
whether the cultural manifold ¢(3) intersect the curve 3(q) before the point g at which 3(g) = 1.
Notice that this point ¢ is given by

Therefore we are in case a) when

(42)

given that

AVZ0) = u(s)+0%(1)
— [u(s + a(0)) + 6*v(1 — a(0))]

and substituting the value of ¢ and AV1(0) and AV?2(0) into (42) and rearranging provides the
following condition for case a): Q < Q with

_ 2
Q =4/ (a(0)) [1 + 25158;}

QED.
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The transition away from extractive institutions.

Preferences are represented by the following utility functions, respectively for workers and
elites:
ul(a', 7Y p) = u (a*(1 — p) + s* + T*) + 0'v(1 — a')

u?(a®,T%,p) = u(a® (1 — p) + s> +T?) + 6%v(1 — a*)

Our characterization of the distinction between the political groups (workers and elites) and
the cultural groups (bourgeois and aristocrats) in terms of cultural values and technologies re-

quires that:

i) the parameter 6%/ representing the preference for leisure of the elites satisfy 2¢ > #% = !

ii) Initial resources s’ satisfy : s' =0, s2 =5 >7¢
iii) Tax Transfers T* satisfy 7' =0, T? =T

We make the following regularity conditions: wu(.) and v(.) are smooth increasing concave
functions with the inada conditions u'(0) = v/(0) = 400, u/(c0) = 0.
Moreover we assume that:

/
Assumption (P1): 6%* > Z/Eg >1=06

This ensures that with no transfer from the workers to the elite, ”bourgeois” elite members do

work while ”aristocrat” elite members do not.

e Optimal Behaviors of workers and elite members:

1) Given a linear tax rate p, the optimal behavior a'(p) of the workers depends on whether
the survival constraint ¢! > ¢ is binding or not.

1i) Consider first the "non extractive” regime NE where the survival constraint is not binding.

The optimal behavior a' = aép(p) of the workers is obtained by the following condition for p < 1:

W ((L=p)a') (1—p)=2v(1—a')

1

op(P) is decreasing in p when the utility

and a(];p(l) = 0. Simple differentiation provides that a

function wu(.) satisfies the following property:

Assumption (P2): <lforall >0

Indeed . Y . ,
daop _ ul(l _p)aop + Uy <0 (43)
dp uf(1—p)2+of
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with the convenient notations uj = v’ ((1—p)ag,), uf =u" ((1 —p)ay,), vf =v"(1—af,).

1lii) Consider now the ”extractive regime” where the survival constraint is binding. In that
case we the workers’ consumption is given by ¢! = (1 — p) a! = ¢ and the optimal behavior a'(p)

of the workers is given by the relationship:

al =al(p) = Cpforpgl—E

This regime prevails when the tax rate p is larger than a threshold p given by the condition
atl)p(ﬁ) = 1%5 and characterized by the following condition v’ (¢) (1 — p) = v'(1 — 1%ﬁ))

1iii) The full characterization of the optimal behavior of the workers is then obtained as follows

assume that o' (¢) > v/(1—7¢) (which ensures that a},(0) > ) and assumption (P2) holds, then

the optimal effort of a worker writes as follows :

non extractive regime : al(p) = aip(p) for p € [0, p]

extractive regime: al(p) =a(p) = chp for p e [p,1 -7

Notice this effort a'(p) is decreasing in p in the Non Malthusian regime and is increasing in

p in the Malthusian regime.

2) Given a lump sum transfer 7', the optimal behavior a*(T") of a ”bourgeois” elite member

(for an internal solution) is obtained by the following condition:
u' <a2b + T+ s) = /(1 —a®)

Assumption (P1) ensures that a*(0) > 0 while there exists a transfer level T = o/~ (¢/(1)) —s > 0
such that a?(T") = 0 for all T > T. Moreover it is immediate to see that

da2b u!! o
a%“b: =T 2 7w <0 and1+a%b:+lju >0 (44)
dr Ugy, + Vo Ugy, + Vg

with the usual notations uly, = u” (a?* + T + ), vh, = v"(1 — a®)

3) For an ”aristocrat” elite member, given that §%¢(1) > u/(s), we immediately get a?*(T) = 0
for all T" > 0.

e Societal equilibrium policy:

- Define the policy maker objective function

W(p,a',a®,T,) = B [u((1 - pat) +v(l — al)]
q- (u(T +a% +5) +ov(l - a%))

+(1-8)- (1= q) - (w(T + 5) + 6v(1))

70



Then the societal equilibrium policy p(B,q) is characterized by the following conditions:

1- )
p € argper[rolalrgaW(p,al,a%,pal ) (45)

for given a', a®

- A

A
Note that under our regularity conditions, for given a', a®®, W (p, a', a, pa® %)) is a well defined,

1
a' = al(p); a® =a?(T), a** =0 and T = pa'

smooth and concave function of p. Hence there is a unique well defined value p € [0,1 —¢] that

solves problem (45).

To characterize a societal equilibrium policy p(5,q), we can distinguish between the two pos-

sible regimes (extractive and non extractive).
1) Consider first a "non extractive” societal equilibrium . Such a ”non extractive” societal

equilibrium policy p(f3,q) < p should then satisfy the following conditions:

p = 0 when W}(0,a'(0),a(0),0) <0

W} (p, a*(p), a®(T(p)), T(p)) = 0
1

p € (0,p) when . i
with T(p) = pa'(p)52

To analyze the structure of a "non extractive” societal equilibria, observe first that

W, (p,a'(p),a®(T(p)), T(p)) = a*(p) - ¥(p, B, q)

with the ”auxiliary” function ¥(p, 3, q):

U(p,B,q) = —pu ((1—p)a'(p))
(1=X) | qu'(T(p) + a®*(T(p)) + s)

DT - @) + 9)

and T(p) = pa' (p)l;/\)‘ We are now in a position to provide sufficient regularity conditions

ensuring the existence and uniqueness of a ”Non extractive” societal equilibrium in this economy.

Characterization of a "non extractive” societal equilibrium policy: Assume that
the function V(p,B,q) is convex in p. Then for all q € [0,1], there exists " (q) € (0,1) and
B(q) € (0,1) with (Bm(q) < B(q)) such that there exists a wnique "non extractive” societal
equilibrium p(B,q) € [0,p]. It is characterized in the following way:

- For B € (8™(q),B(q)) - p(B,q) € (0,p) and is a decreasing function in 3 and q.
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- For 8> B(q), p(B,q) =

Proof. Note first that p = 0 is a societal equilibrium when ¥(0, 3,q) < 0. This condition
writes as:

W(0,6,0) = ~Bu (@40) + (1~ 92 [l (@(0) +5) + (1~ ()] <0

which is satisfied if and only if 3 > B(q) where
(1 =N [qu/(@®(0) + 5) + (1 — g)u/(s)]
(1= A) [qw/(a(0) + s) + (1 — @)/ (s)] + M/ (at(0))

which is clearly a decreasing function of ¢.
- Now consider 8 < ((q). We have ¥(0, 3,q) > 0 and ¥(p, 3,q) < 0 with

Blq) =

U(p,B,q) = —pu (o)
(1-X)

_ 1-p~ A
+H1-5) A +(1 - q)u/(T%E%)‘ +5) <0
when
(=) | ¢/ (T@E +a®(T@) +s5) | _ g [u, @+ L= | @W(TE) +a*(T@) +3)
A +(1 = @) (T(P) + s) B A +(1 = @)u'(T(p) + )
" ) [ (T(P) + (T (F) + ) + (1 — Q! (T(B) + ]
B>B"(q) = R
9 = O+ R i (T() + (T ) +5) + (- (TF) + )
867”((]) (1 - >‘) / ~ ~ / ~ ! (= (1 - >‘) / ~
e m—f;—humwm%ﬂm+@—u@@+@uu@+ . u@@+@]
(1=X 11—\

2 016+ @)+ - w0 @)+ )] S5 TE) )

U2 [(2(5) + (76 + 5) W (TH) +9)] o/ (@) < 0

and ™ (q) is a decreasing function of g.
As the function ¥(p, 5, q) is continuously differentiable on p € [0, p], there exists an interior
value p € (0,p) such that ¥(p, 3,q) = 0 and at which W} (p,3,q) < 0. Unicity of such a point is

ensured when the function ¥(p, 3, q) is convex in p. Indeed simple differentiation provides that

U, = —pu" ((1-p)a'(p)) [~ p)a, —a']
(1=X) | " (T+a®(T)+s)(1+d¥) | dT

=0Ty +(1— (T + 5) dp
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and dT'/dp = [a'(p) + pay(p)] 12 Then using (43) and (44), it is immediate to see that
U,(0,5,q) <0 and

Uy (5.5,q) = —u” (@) |(1 = Pay, — 7= +(1-5) +(1 = ") (T + ) dp

C (1-2X) [ (T + a®(T) + 5) (1 +a2) | dT
1-p A

when p > p™ = argmax, T(p)

- When ¥(p, 3, q) is convex in p, ¥, is an increasing function of p and given that ¥, (0, 5,¢q) < 0
and U, (p, B,q) > 0, there exists a unique py € (0,p) such that ¥, (po, 5, ¢) = 0 with consequently
U(.) is decreasing for p < po and increasing for p > pp, reaching the minimum at ¥(py, 53, q).
From this it follows that necessarily ¥(po, 5, ¢) < 0 (as we know that there exists an interior value
p € (0, p) such that ¥(p, 3,q) = 0). Consequently for all p € [pg, p], ¥(p, 5, q) takes negative value.
As for B € (ﬁ"(q),ﬁ(q)) ,we know that ¥(0,3,q) > 0. Hence there exists a unique p € (0, pg)
such that W(p, 3,q) = 0. Also it is clear that at such point p < po, one has W, (p, 8,q) < 0.

- Finally regularity conditions for the function ¥(p, 3, q) to be convex in p are u”’ > 0, v/ > 0
and the tax revenue T (p) sufficiently concave in the tax rate p.%*

- The fact that for 8 € (Bm(q),ﬁ(q)), p(5,q) is a decreasing function of 5 and ¢ comes
immediately from the fact that W(p, 3, q) is a decreasing function of § and q. QED |

2) Consider now the ”extractive” societal equilibrium policy. It is characterized by:

1—A
€ arg max W(p,a', a%, al
p g mmax Wip pa —=))
for given a!, a?
1 [ 2% _ 2 2a pc 1-2A
a T a a“(T), a an (p) Y
observe now that for p > p
W(p, o' (p), a®(T(p)), T(p) = —— - ¥
p(pa (), a™(T(p)), T(p)) = 7 — (p, 8, 9)
54Indeed differentiation provides:
U,y = —Buy’ [(1 —p)all, — a1]2 — Buy [—2(1; +(1 —p)a,l,p]
1 - A " 2 1" " dT 2
+(1 - 5)% {qbu% (1 + GZTb) + " ugpaty + (1 — qb)u2a] (d_p)
1-A " " d2T
+(1— 5)% [qbu% (1 + aZTb) +(1- qb)uza] el

"

Now it can be seen that when v” < 0 and v = 0 and 0 < v"” and 2v”+(1—p)v" < 0, one has —2ap,+(1—p)a,, > 0

and a%% > 0, implying the convexity of .
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with the ”auxiliary” function \Tl(p, B,q):

U(p,B.q) = —Pu (2)
A)

ra-ptsd

qu'(T(p) + a®(T(p)) + s)
+(1 = u'(T(p) + )

note that ¥(p, 8, q) = \T/(ﬁ,ﬁ, q) > 0 for all 8 < 3(q). Moreover

1-A)

B0, 5,0) = (1-8) 152 o0 () + @0 0) + 91+ ) + (1= ) (T0) +9)] T <0 o p>5

Moreover
qu/((1 =) 452 +a”((1 - )TAHS)
+H(1 = qu' (1 =252 + 5)

W1 -7p.0)= -0 @+ (- HEL |

> pu/ (¢) or

(1 —7)l=2 26((1 — @)1=
which is positive if (1 — B)—(l_k) [ qu'(( )5 +a”(( )50)+9)

A +H(1—Qu'((1—2) 52 + 5)

B2 g/ (1 - )12 4+ a2((1 = 2)152) + ) + (1 — @)/ (1 —©) 552 + 9]
u' (€) + ( ) [qu ((1 —C)lA/\ +a2((1 _E)l_/\k) )+ (1—qu((1 - C)T)\ N )]

B<pB(q) =

which is also decreasing in ¢ and (q) < ™ (¢). Thus
when 3 < B(q), (I\J(p,ﬂ, q) > 0 for all p € (p,1—7¢) and the societal equilibrium policy is
For 8 € (é(q),ﬂm(q)), there exists a unique p(53,q) € (p,1 — ¢) such that ¥(p(8,q),5,q) =

p(f, q) is the extractive societal equilibrium policy.

Characterization of ”Extractive” societal equilibrium policy: For all q € [0,1], there
exists 3(q) € (0,1) with B(q) < ™(q) such for § < ™ (q) that there exists a unique ”Extractive”
societal equilibrium p(5,q) € [p,1 —¢€|. It is characterized in the following way:

- For B e (5( ), 8™ (q )) p(B,q) € (p,1 —¢) and is a decreasing function in (3 and g. Workers

are at their survival consumption constraint and provide an equilibrium effort 7 ( 7 < 1

- For 3 < B(q)

, p(B,q) =1 —7¢. Workers are at their survival consumption constraint and provide an equi-

librium effort equal to 1.

e Societal commitment equilibrium policy:
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Denote in the same way :
Wp,B,q) = Blu((l-pa'(p)+o(l-a"(p))]
+(1-25)

with
101~
T(p) = pa” (p)——
The societal commitment equilibrium p®™ (8, q) for any value of 5 € [0, 1] is the solution of the

following program:

p € argmax W (p, 3, q)
p

Note that the function W(p, B,q) takes different shapes depending on whether we are in a
“non extractive” or an ”extractive” regime. More precisely, we have:

- for p < p, the "non extractive” objective funciton W(p, B,q) = W”m(p, B,q) given by

W p,8,9) = B [u((1=p)ag,(p) +v(1 — aly(p))]
+(1- ) [ g (w(T(p) + a®(T(p) + s) + v(1 — a®*(T(p))) ]
+(1 =) - (w(T(p) + s) + 0v(1))
and T'(p) = pal,(p)52.

- for p > p, we have the ”extractive” objective function W(p, B,q) = Wm(p, B,q) given by

Cc

W 5) = 8 [u@ +o(1 - 1)

g (u(T™(p) + a®(T(p) + 5) + v(1 — a®(T(p))) ]

+1-5) [ +(1—q) - (W(T(p) +5)+0uv(1))

with now T'(p) = —I%TA We then get the following characterization of the societal commitment

equilibrium policy:

Characterization of societal commitment equilibrium policy:

When T (p) = acl,p(p)p is concave and reaching its mazximum at some value p™®* > p. Then
p = p®"(B,q) is a well defined function characterized in the following way. For all q € [0,1],
there exists a threshold B(q) with B(q) < B(q) such that

- For B e [O,B(q)> p"™(B,q) = pr(B,q) € [p,1 —7¢] and is a decreasing function of [ and
q. We are in the extractive regime

- For g € (B (q),B(q)), p°™(B,q) = pne(B,q) € (0,D) and is a decreasing function of B and
q. We are in the "non extractive” regime
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- For 8> B(q), p™™(B,9) = 0
- For B =p0(q), p®™(B,q) can be any randomization between pgr(f,q) and pNg(8,q).
- The thresholds B(q) is decreasing in q.

Proof:
i) Consider first the "non extractive” objective function WNE (p, B,q). It is given by
WNE(p,B.q) = B ul(L - pag,(p) +v(l - aj,(p))

asy(p))]
“1-8) [ ¢ (T (p) + a®(T(p) + 5) +v(1 — a®(T(p)) ]
+(1=q) - (u(T'(p) + 5) + Ov(1))

with T'(p) = pagp(p)%. Note that

Wy = =Bu’ (1= p) agy(p)) - agy(p)
_ i
+(1-5) a 3 2 [qU’(T(p) +a®(T(p)) +s) + (1 — )/ (T(p) + 5)} d[p do;(p)]

and when T'(p) is concave, it is straightforward to see that WNE (p, B,q) is a strictly concave

function of p.

ii) It is also a simple matter to observe that W]fvE(O, B,q) <0 if and only if 8 > (g). When
B> pB(q) as WNE(p, B, q) is a concave function of p, we have that /VIV/ZfVE(p, B,q) < WIfVE(O, B,q) <
0,and therefore WNE(p,ﬁ,q) reaches its maximum at pyg(8,q) = 0. For 8 < B(q), one has
WI{VE(O,B,Q) > 0. Moreover szVE(pmaX,ﬁ,q) < 0. Hence there is a unique value pyg(8,q) €
(0,p™2*) at which WNE (p, B,q) reaches a maximum and it is determined by the first order
condition WéVE(p,ﬁ,q) = 0. Obviously as /V[V/éVE(p,B,q) < 0 and /V[v/éVE(p,B, q) < 0, it follows
immediately that pyg(8, q) is decreasing both in 3 and gq.

iii) Consider next the ”"Extractive” objective function W(p, B,q) = WE (p, B,q) given by

1—p

v g | 1T 0 TE) )+ o1~ 0T ()
+(1—q) - (u(T(p) + 5) + Ov(1))

WG p.0) = 6 [u(@) +o(1 - )]

with now T'(p) = %%. Differentiation of WE(p, B,q) gives as well :

Wy =Q(p.5.9) L

76



with

Ap,B,q) = —pv'(1-

H1= B2 o (w(T0) + (X0 +9) + (1 - 0) - ((T(p) +5))]

and WIZ” 2 0 if and only if A (p,3,q)) = 0. _
It is easy to see that A (p, 3,q)) is decreasing in p. Moreover for 5 > [3,..(q) such that

52 (g (W(@®(0) +5)) + (1= q) - (W(5))]
V(1 =72) + 52 g (' (a®(0) +5)) + (1 - ) - (w/(s))]

B> Bmax(q) =

we have A (0, 8, q)) < 0 and therefore Wf < Oforallp € [0,1 —¢]. Note as well that lim, .1z A (p, 8,q)) =
—oo for B > 0. Hence when 8 < B, (q), A (0, 8,q)) > 0 and there is a unique p = pg(3,q) < 1-¢
such that A (pg,5,q)) = 0 and the ”extractive” objective function is maximized at this point
pE(B, q). Moreover pg(/3, q) is decreasing in 5 and ¢. From this it follows that for all 8, ¢ such that
pe(B,q) < p, necessarily Wf < 0 in the extractive region p > p . This last condition can be stated
as B > B(q) € [0,1] with necessarily 8,;(¢) < Buax(q). Conversely for 8 < B,,(q) < Bmax(4),
the extractive objective function WPE is maximized at some pg(f,q) € [p,1 — ¢| in the extractive
policy region. Note as well that limg_opg(8,q) =1 —C.
iv) One may compute also the right side and left side derivative of the social objective function

at the borderline of the ”extractive” and the "non extractive” regimes p = p. For p = p—, we

have:
~ _NNEA——U’E c
Wp = Wp (p) = —pu'( )(1_1’5)
B ¢ dag, (P,
1= )52 [ 06 + X)) +) + (0 - 0 (6) +9)] | T+ d;(p)]
while for p = pT,
W o= Wm =5 [‘”/(1 1 Eﬁ)u —Eﬁf}
1—AX / o~ -~ ! D c
H1=P)=5= o (VT@ +aTE) +9)) + (1= (TR +9) | =
Using the fact that u'(E)(l . f)\) _ 2}/(1 _ 1%17)’ it follows that
W, -
+(1= U2 [ (00 + 2T E) + )+ (1 - ) (76) + )] (12 +575 L)
< W
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Note also that Wp_ > (0 when

U [/ (T () + a*(T(F) +5) + (1 - ! (TF) + )] [Z5 + P2

V(O + 5 [ (T(R) + (T ) + )+ (1 — ) (TP) +9)] [ 155 + P52

B<B.q) =

with 3.(¢q) < Bas(q). This discussion tells us that the social policy objective function W(p, B,q) is
a continuously differentiable function on the interval p € [0,p) and (p, 1 — €] but not at p. Hence
it is not necessarily a concave function of p. More precisely we have the following characterization

for the global optimum:

v) Collecting the previous information, we have the following:

- For B8 < B.(q), given that Wp_ = WéVE (P, B,q) > 0 and that the function WIfVE (p,B,q) is
a concave function of p in the interval [0, p], it follows that for all p € [0, p] WIZV E(p,B,q) >0
and therefore the global optimum can only be in the "extractive” region [p,1 —¢|. Therefore
p"(B,q) = pm(B,q) € [p,1 —7].

- Similarly for 8 > £,,(q), the optimum policy pr(8, q) of the ”extractive” objective function
WE (p, B, q) is smaller than p, Hence in the ”extractive” region p € [p, 1 — ], necessarily WE <0,
therefore the global optimum can only be in the "non extractive region [0,p). As a consequence,
P8, q) = pnE(B,9) € [0,5) with pyp(8, q) = argmaxe 5 WP (p, 8, q).

- Finally consider the last case where 8 € (BC( ),Ba(q)) . In such a situation, we need to
compare maxpgﬁWN E(p,B,q) to maxp<p<i—e W E(p, B,q) to characterize the global optimum.

For this consider the function

AB.q) = WY (pne(8,q),8,9) — WE(pE(8.4). 8. 9)

in the interval 8 € mc(q),BM(q)]. We see that A (Bc(q),q) < 0 while A (BM(q),q) > 0.
Moreover differentiation of A (3, d) gives:

Ns(Bye) = WEP(pwe(8,9),8,9) — WE (pe(B,q), 8, 9) (46)
= u((1—pne)ay,(pye)) +v(1 — al,(pvE))
g (Toplonp) + @ (Toplpnr) + ) +v(1 = a®(To(pivi))) ]
i +(1 = q) - (w(Top(pne) + ) + 0v(1))
_ :u(E) +v(l— ] —pE)
| @ (wTer) + e (Tulpr) + 5) + v(1 - a™(Tr(pr))) ]
i +(1—q) - (u(Te(pe) + s) + 0v(1))
with To,(p) = %pa},p(p), Tg(p) = l—E&p Note that pye(5,9) < P < pr(B,q) and as

1

well that p < p™@* where p™®* = argmax, pa},(p). Also we have u((1 — png)ag,(pyE)) +v(1 —
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ab,(pnE)) > u(@) + vl - e €—) and that

1-A
A

Top(pNE) = DNEGS,(PNE)

< ﬁaéAﬁ)%
pc 1— )\
1-p A
pEpc 1—A

1—pET
= Tk (pE)

From this it follows that in (46) the term
q- (U(Top(pNE) + a%(Top(pNE) + 3) + U(l —a? (Top(pNE)))
+(1 = q) - (w(Top(pnie) + 5) + 0v(1))

is smaller than the term

q- (u(Te(pp) + a*(Tp(pp) + ) +v(l — a*(Tp(pp)))
+(1—q) - (w(Te(pE) + ) + 0v(1))
Therefore Ag (f,q) > 0 and there exists a unique threshold B(q) € (B.(q),Bar(q)) such that
A <B (q) ,q> =0 and Ag <B (q), q> > 0. Moreover differentiation by ¢ provides

A (Bya) > 0=WNE(pnp(B,q),58,9) — WE(pe(B.q), 5,q)
u(Th (pNE) (Top(pNE) +5)+o(l - azb(T0p<pNE))
—(u(Te(pr) + a®(Te(pe) + ) + v(1 — a®(Tx(pE))
—[(u(Top(pNE) + 5) + 60v(1)) — (w(TE(PE) + 5) + 0v(1))]

= (1-p)

Denote
S(T) = u(T + ) — [u<T +a®(T) + s) +v(l — a%(T))}

Then it follows that ¥ (T') = v/ (T+s)—u'(T+a?*(T)+s) > 0. As A, (B,q9) = (1-8) [S(Te(pr)) — X (Top(pNE)
and that 7o, (pNE) < Tk (pE) , it follows that A, (5,¢) > 0 and therefore B (q) is decreasing in q.

The previous discussion implies that for 5 € <Bc(q),g( )) the global optimum is in the

"extractive” region [p, 1 — ¢|. with p®™(53,q) = pr(B,q) € (p,1—7¢|, while for § € (6( ), BM(q)>
the global optimum is in the "non extractive” region [0, p]. with p“™(53,q) = pnEe(B,q) € (0,D)
Finally at 8 = B(q), the objective function is maximized both at pE(B (q¢),q) > p and at
pNE(B (q),q) < p. The optimal policy can be any randomization between these two policies.
Collecting all the results in i), ii) and v) gives the characterization of the societal commitment
equilibrium policy. QED.
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e Comparaison between p(3,q) and p®™(f,q) :

At B> B (q) we have the societal equilibrium policy p(B,q) < p and at such point WlfVE (p(B,4q,)B,q)

is equal to
(1 8) - [ (P(p) + (T (p) +5) + (1~ )i (Tp) + )] p-a} < 0

Hence p(8,q) > p*™(8,q).
On the other hand for 3 € <0,5 (q)> the societal equilibrium policy p(B,q) > p and deter-

mined by the equation

Bl (©) = (1- )

at such point Wf is equal to

Wy = Q(p(B,9). 8. 9)

(1 —p(8,9))
with A (p, 8,q)) given by
Ap.fa) = =80(1- 1)
H1= B2 o (W) + (@) +9) + (1 - 0) - ((T(p) +5))]
Thus at such point p(8, q) one has:
A5 6.0) =8 [ @ - (1 - )

Denote p® such that v’ (2) = v'(1 — =5

increasing in p taking value v'(1 —¢) < u/(¢) at p = 0 and value v/(0) = 400 at p = 1 — C.

).Such point exists as the RHS of the equation is

Moreover _
V- =) =d @ > @ (-5 = (1 1)

1 —pe¢
and thus p® > p. Note that there exists a unique value §°(q) € <ﬁ(q),min {6m(q),/@(q)}>
such that p(5°q) = p° = pr(8%q) = p®™(B%q). Note as well that the two curves p(53,q)
and p®"(f3,q) can only cross at that value p® and therefore at this point ¢ in the interval
<O, min {Bm(q), B(q)}) Then it follows that for € small enough 8 = 8°+¢, one has p(5°+¢€,q) <
p¢. Therefore

A(p(B°+€4),8°+€q) >0=A(pe(B°+¢4q),8+¢q)

and p(8° +¢€,q) < pe(B° + €, q) because A(p, 3, q) is a decreasing function of p. From this at the
value point 8 = °4€ < min {Bm(q),B(q)} such that p(8°+e€,q) < pm(B°+e€,q) = p@™ (B¢, q).
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By continuity of the functions p(3,q) and p®™(f,q) on the interval (0, 5%(q)), and given that
there is at most one crossing point in the interval (0, min {Bm(q),B(q)}) the curve p(8,q) has

~

to be below the curve p®™ ([, q) for all points 5 € (5¢, 5(q)).

Similarly for the set of points 8 € m(q),ﬁe] , the curve p(8,q) has to be above the curve
p™ (B, q). Moreover for the set of points 5 € (O,Q(q)), p(B,q) =1—2¢> pe(B,q) = p“™(B,q).
From this it follows the comparison between p(3, q) and p®™ (5, q):

- For § € (0, 5°(g)) one has p(f, ) > p* (6, q)

- For € (8°(q), B(q)) one has p(8,q) < p“™(8,q)

~

- For 8 € (B(g),1) one has p(8,q) > p*™(8,q)
Finally note that 5°(q) is given by

pr=1-

and thus 5°(q) is decreasing in ¢.QED

e Cultural Dynamics :

The parameters of cultural intolerance of the two types of elite members (bourgeois and

aristocrats) can be written simply as:

AVM(p) = u(T(p) +a®(T(p)) +5) +v(1 - a®(T()))

AV p) = u(T(p)+s)+0v(1)
[ (T() + (T ) +5) + 00(1 — ®(T())|

We then have

AVY() = [u (T0) + () +5) — o (T +9)]

The bracket term is negative and therefore AV (p) has the sign opposite to dT'/dp.

Similarly
aey_ | [W(T@)+5) = (T(p) +a®(T(p) +5)] | dT
AV®(p) = +(0 — 1)’ (1 — a®(T(p)))aZ? @
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The first term inside the bracket is positive while the second term is negative as aQTb < 0 However
the larger the degree of concavity of v(.), the smaller is ||a?’|| . It follows that when [v”| large
enough, the bracket term has also positive sign and therefore AV%(p) has the sign of dT'/dp
From this discussion, it follows that when [v”| is large enough, AV®/AV® has the same
sign of variation as —dT'/dp. As for both in the "non extractive” region (ie. p < p) and in the
"extractive” region (ie. p > p) we have dT'/dp > 0, then AV?®(p)/AV%(p) is decreasing in p. Now
given that p(f, q) is a decreasing function of 5 and ¢, that p(0,q) = 1 —¢ , that p(8(q),q) = 0,
then for 8 € [O,B(q)], we get that AV?/AV® is increasing in 3 and in g, Moreover for 5 > 5(q),

p(B,q) =0 and AV?(p)/AV%(p) is a constant given by

AV?(0) _u (aZb(O) + s) —u(s) — [v(l) —o(l - a2b(0))]
AVe(0)  Ofo(l) —v(l —a®(0))] — [u(a®(0) + ) — u(s)]

Cultural steady states are determined by:

AV (p(B.9)) g
AVe(p(B,q)) 1-gq 7)

In the region 3 > B(q), there is a unique solution ¢* of equation (47) independent from f (as
AV?/AV® is just a constant in that region). In the region 8 € [O,Bl(q)], given that p(5,q) is
decreasing in ¢, there could exist more than one value of ¢ satisfying equation (47) in the relevant
range of parameter 3. Note however that the LHS of (47) is always a strictly positive and bounded
continuous function of ¢ € [0,1] while the RHS is a continous function vanishing to 0 at ¢ = 0
and unbounded at ¢ = 1. Hence by continuity, there is always one value ¢(f) that satisfies (47)
and is necessarily increasing in 8. %°. Finally the point ¢* such that the curve ¢ (3) crosses 3 (q),
by continuity is determined by
AVPO) ¢

AVe() 11— g*

QED.

5If there are more than one solution, there exists an odd number 2k + 1 of solutions (925+1(B)) jejo,5) With

g2j—1(p) increasing in 8 and g2, () decreasing in 8 for j € [0, k] .
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Civic culture and Institutions

Recall the preference profiles of the different agents write as :
civic minded workers:  U'¢ (e'¢,a'®,p, E) =w —p+v(p(l — p)) + kE
+lp(1 - p] e — o Sl
—a(up) (1 —a'®) = a1

passive worker: U™ (elp, a'?, E) =w-—-p+v(p(l —p))+kE

(elp)1+€E (alp)1+€A

_QSE 14€eg A7 T4ey

Elite member : U%(p, E, A) =w —p + up(1 — 0 - (Aqa’®)) + v(p(1 — p)) + KE

Therefore the optimal action of a ”civic minded” worker is obtained from

max U (elc, a', p, E)

elc7alc

which provides the optimal behaviors

o) = 2] " and ale(p) - Bl (1)

e Characterization of the societal equilibrium p (f, q):

Denote next for given institutions 3, the policy maker objective function as:

W(p, A, E e, e, a'a") = B{qU'+(1-qU"} +(1-p)U?
with A = X [g-a’+ (1—q)-a']

The first order condition of the policymaker for an interior solution writes as
Wy(p, A, E, e e'? a'¢ a'?) = 0
or
~14+ (1= )" (p(1 = p) + Ba [(1 = p)e' — pa(l = a'*)] + (1 = P)u[1 — 0 Aga'] =0

Substitution of the optimal individual behaviors of the private agents provides the condition for

an interior societal equilibrium policy p(B,q) V(p,3,q) = 0 with
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U(p,B,q) = —1+4(1—pv'(p(l—p)+Bq[(1—pe"(p) — pa(l —a' (p))]
+(1=B)p[1—6-Aga' (p)]

U (0,8,q) = 0o as V'(0) = co and ¥(w, B, q) < 0 for large enough w when ¢ large enough that
1
the following condition is satisfied . v'(w(1 — p)) < [1 - [w%} eE} (1= p).

E

As well substitution of (48) gives immediately that

Up(p,B,9) = (1—p) (561é [%} Tt (1= )" (p(1 - u)))

1 1
1 olea g 1 alea L4
+Bpgo— [“—] pa " —(1-0)0- Agup— [”—} pa
€A | Pa €A 94

Hence ¥, is negative when v (.) concave enough and ¢y and ¢, are large enough. From this it
follows that there exists a unique societal equilibrium policy p (8, q) € (0,w) when v (.) is concave
enough and w, ¢ and ¢4 are large enough.

Differentiation provides then immediately that

\IIIB = 4q [(1 - N)elc(p) - /JOZ(]. — alc(p))] — [1 —0. )\qalc (p)] (49)
v, = B[~ e (p) — pa(1 — alc(p)] — (1= B)8- \ua'“(p)

Now it can be seen that

(= )et* () = (1= () = (1= ) [p 22| < e 0= | 2]

consequently (1 — u)e'® (p) — pa - (1 — a'¢(p)) < 0 when ¢y and ¢4 are large enough that the
1 1

following condition (1 — p) [w(ld)_E“ }5 + pa [%’;—“’ “A < pais satisfied.

From this and (49) we obtain that Wg and ¥, are negative when ¢z and ¢4 are large enough.
Differentiation of the societal equilibrium policy condition ¥(p, 3,q) = 0 provides then immedi-
ately that:

@: s <0and@:&
o =Y, dg -9,

Hence there exists a unique societal equilibrium policy p(5,q) € (0,w) and it is decreasing in 3

<0

and in ¢ when v (.) is concave enough, and w, ¢y and ¢ 4 are large enough.

e Characterization of the commitment societal equilibrium p“™ (3, q):
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Consider the policy objective function for given institutions 3 as:

W(p,B,q) = B{qU'+(1—qUP}+(1-B)U*p,A)
with A = X-q-a'“(p)
E = X-q-¢“(p)

el

- (up)
bc

o (p) = {p(lgE‘”]é and a1°(p) =

one obtains the societal equilibrium with commitment p®™ (5, q) for any value of (3,q) € [0, 1]2

as the solution of the following program:

p € arg max W(p, 5,q)
pE[O,w]

The first order condition characterizing an interior solution for p®™ (g, q) is given by:

W, = rAge,’ + Bg(1 — p)e'® =14 (1= p)o'(p(1 - )
—Bape(l — a') + (1 = B)p [1 — OAqa'® — pAgha,]

Differentiating another time provides

Wy = kXgeps + Ba(l — ey + (1 — p)*0" (p(1 — 1)
—l—ﬁ(JMOéallf — (1 = B)urgb [Qallf + pa;;]

or after substitution

— 11— (1-@}% Lo - L[Q_M)F 1
Wy = KM\ )’ [ n P + Bq(1 u)eE “on | P
L= 0 (o1 = ) + B [g] DpE (1 p)

11 1) [ 1] A
(€a)” P

Again when v (.) is concave enough and ¢ and ¢4 are large enough, we obtain that pr < 0and
the function W(p, 3, q) is a strictly concave in p, ensuring the existence of the societal equilibrium

with commitment p®™ (3, q). Moreover the cross derivative ng writes as

Wys = q[(1 = p)e’ — pa(l — a'®)] — pbAq [a' + pa)©] <0

Hence ng < 0 when (1 — p)et® — pa(l — a'€) < 0, something that is ensured when ¢ and ¢4

are large enough. Consequently p®™ (3, q) is decreasing in f.
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e Comparison between p®™ (3, q) and p (53, q)
Note that at the point p(8,q)),

Wp (r(B,q9)) = KA eIl)C — (1= B)\gb 'pazl)c
. Aqlﬂ.i[(l_ﬂ)}gpé1_<1_5)9_i[&}ap$]

€E ¢p €A [Pa
1 1
1 1 1-— B2 1 alea (A_L
= Agp°r 1 n_[( M)] E—(l—ﬁ)Q._[M_} Ap(eA 5E>+1
e | ¢k €A P4
and assume é — % > 0 or eg > ey (ie. civic monitoring is more sensitive to public leakages

than civic participation is sensitive to public good provision). Then the function

00 = (-0 [&}a (8. ()

€A | Pa

is decreasing in 5 and g. Thus the value B(q) such that

O(5q) =0 = — [(tpm]#

€p
is decreasing in q. Moreover Wp (p(B,q),B,q9) =20 if and only if © (8,q) S o or 5 2 B(q) Thus
as W(p,p,q) is a concave function and reaches a maximum at p®" (f,q), one finally obtains

o~

P (B,q) 2 p(B,q) if and only if 8 2 B(q).
Collection of the previous discussion on the properties of p®™ (3, q) and p (3, q) provides figure

8 in the main text.

e Characterization of the cultural manifold ¢ (5)

AV = [p(1—p)]e' = g (') + o (up) ' = Da(a')

AV? = Qg (') + @ 4(a')
AVie [p(l—p)le' — @p (') + a(up)a'® — a(a’)
AV Op (el€) + D 4(alc)
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or

P’ (elc)elc oY (alc)alc
AVlC . gE(elc) -1 n D 4 (al®) -1
1p - o (alc) ) (els)
AV 1+ q;;(elc) <I>§(a1“) +1
® (elc) P (elc)elc P, (alc)alc
‘1>§(alc) { g’E(elc) i é’A(alc) -1
= D (el
Ta) T 1
Pp(e!c)
AVie T4(al0) E + €A
AVB T T Eem
AV @E(alc) + 1
which is an increasing function of gi gizg as eg > €4. Now
1
@E(elc) B d)_E' 1+eq (elc) +eg
Ca(al®)  pal+tep (ale)tte
1 ltep
A1+ 1— ‘E 11
— ¢i 1+Ei( /’L2+€A p(eE 5A>
i (ap) <a
whic is a decreasing function of p. Thus % =TI"(p) is a decreasing function of p.

Thus the cultural manifold ¢ () is characterized by the relationship:

L (5a) =1 (50)
There always exists at least solution ¢ = ¢ () to this equation as II(q) = I'(p(5,q)) — l%q is
a continuous function of ¢ such that II(0) > 0 and II(1) < 1. When the solution ¢ = ¢ (3)
is unique,one necessarily has Il;(¢ = ¢(8))) = I"pg — ﬁ < 0 and consequently the cultural

manifold is depicted by a well defined function ¢ = ¢ (/) such that

dg __ T'ps

=—"——>0
1
ag —(1_q)2 - I‘/pq

as IV < 0 and pg < 0.

The solution to (50) may have more than one solution. In that case the sign of II, at these
solutions alternate between negative and positive, starting with a negative sign for the smallest
solution. The branches (in even number) of the cultural manifold associated to solutions with
II, < 0 are upward sloping in  while those (in uneven number) for which II; > 0 are downward

sloping in .

87



Property Rights and Conflict

Given there is random matching before each contest game, one may compute the expected

payoff of ”conflict-prone” and ”conflict-averse” individuals as

2 2
q c
M) = por21-pe |1+ 0-0) (F5z) |- 61)
R
Q = 2(1 — A4
2(p,q) pw +2(1 — pw [q <c1+c2> +
Writing ¢! = ¢ and ¢ = ¢(1 + ) with a > 0. Then (51) rewrites as
q 14+a\?
Q = 2(1 — = 1-— - F 2
1(p,q) po +2(1 = pw |+ ( Q)<2+a> (52)

Da(p,q) = pw+2(1—-pw

(et -]

It is immediate to see that Q1 (p, q) is decreasing in ¢ and that

NI

o (p, q) . ~ _(H_g>_
%20 iff qZQ(@)—é%T

and Qa(p, q) is decreasing in ¢ and that

=

Op -

Property rights costs C(p) satisfy: C(0) = 0,C(p) is increasing convex (ie. C’(p) > 0,
C”(p) > 0 and C'(0) =0, C'(1) = +00).
e The societal equilibrium

To compute the societal equilibrium outcome, note first that the expected payoff of an agent

of ”conflict-prone” type in a societal equilibrium is given by:

11 12
a a
Gi(p.q,a™,a'?,a®") = pw+q <2(1 — P T Cla“> +(1—q) <2(1 ~ P T Cla12> —F
and that of an agent of type ”conflict averse”,
21 12 22\ _ a*! 2 21 a* 2 22
Ga(p,q,a”,a°%,a™) = pw+q | 2(1 —p)wm —c"a” |+(1—q) | 2(1 —p)wm —ca
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where a'l, a'2, a?!, a??

are respectively the Nash contest efforts of a ” conflict-prone” type 1 agent
playing against another type 1 agent, a type-1 agent playing against a ”conflict-averse” type-2
agent, a type-2 agent playing against a type-1 agent, and a type-2 agent playing against another
type 2 agent.

The social planner in the policy game will then choose p to solve the following problem:
maXBGl(p, q, a’lla a127 CLQI) + (1 - B)G2(p7 q, (121, a12> a’22) - C(p)
o

taking as given the values of a'l, a'?, a?!, a?2. One gets the following FOC:

12

all a
fw [1 -2 (qan T ol +1- q)am +a21>}

- B {1 9 G% +(1- q)aimﬂ

a a?? + q?2
= C'(p)

with the Nash equilibrium levels of contest efforts obtained from:

1 1
e =21 - pPo———
c(2+a) c(2+a)

= 0" =—"" a"=2(1-pw

ol 2(1 —plw 22 _ 2(1 —plw 12
4c de(1+ @)’

Hence the societal equilibrium level of property right protection is characterized by the fol-

lowing condition:

polt-2(F+0-ogs) | +a-e1-2(m+ 552) | —cw o9

It is easy to see that:

Characterization of societal equilibrium policy: When 8 < q, the societal equilibrium
policy outcome involves strictly positive protection of property right with p(S,q) > 0. Moreover
p(B,q) is decreasing in 3 and increasing in q. When [ > q, there is no property right protection
in the societal equilibrium (ie. p=0)

e The societal commitment equiibrium:

The societal commitment equilibrium with property rights protection p satisfies the following

program:
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max B (p,q) + (1 — B)Qu(p, q)

the FOC of this problem writes as:
Bult—2(9 g (it 2
4 4 24+«

One easily gets

2
+ (1= pw [1—2 (q <2—1Foz> + (1;@)] = C'(p™™)

(54)

. e
T 24«

assume that 1/v/2 < ¢(a), i) then there exist a threshold q(c) € ]0,1[ and an increasing function

Characterization of societal commitment equilibrium policy: Denote ¢(«) and

8 = B(q) with E(O) < 1 such that the societal commitment equilibrium involves “no-property
rights” (ie. p©™ =0) if and only if (8,q) € [0,1]* are such that ¢ < () and 8 > B(q).

it) When the societal commitment equilibrium policy p®™ (8,q) > 0, then p®™ (B,q) is
decreasing in 3 and increasing in q.

iii) One has p(8,q) < p™(8, q).

Proof. 1) Inspection of the FOC reveals that

p“"™ =0 when B> B(Q) =

[1 - (1= d(@)?] + (1 —q) [¢()? ~ 1]
with E(q) > ¢ for all ¢ € [0,1]
14+«
is an increasing function of «. Notice as well that for all « > 0, one has
1 1
G~ (1= 6(2))” > 0 and 6(a)? + (1 - 9(a))” >

Moreover 3(q) =1 at a value q(«) € (0,1) given by

N
1) = p—1

Hence it follows that a societal equilibrium with commitment region of ”no-property rights” exists

(ie. p®™ = 0) if and only if
1

V2

It is also immediate to see that E(q) is increasing in ¢ with

< ¢(a) and ¢ < g(a)

and  B(1)>1



ii) Differentiation immediately provides that for an interior solution of property rights p®™ (3, q)

one has:
apcom com

a5 <0 and 34

iii) To show that p(53,q) < p®™(5,q), consider the difference of the LHS of the two equations

(54) and(53 : -
2
+(1-pBw [1—2 (q <2ia> + (1;q))]

Bw [1—2(%“1_(1)(;3)2)
s fi-2 (-0t )] - a- o -2 (i + 52

which gives:

>0

q 14+« q 14+a\?
S PR P (z+<1‘q> (z+a)
1 (-9 1\, (-9

201 = <q2+a+ 2 >_(q<2+a> T

or finally
q l+a l+a (- Q)}
28w |44+ (1 —q)——"| +2(1 - + >0
e [4 ( q>(2+a)2] (=B [q(2+a)2 1

Hence C'(p®™) > C'(p) and the result p(5,q) < p®™(B,q) for the case of interior solutions.
Obviously for 3 > B(q) one has p(f3,q) = p“™(B,q) = 0.QED. |

Given that ”conflict-prone” individuals are not always in favor of property right protection,
an increase of their weight in the social welfare function implies a lower societal equilibrium with
commitment value of p. Also the larger the fraction of ”conflict-prone” individuals, the larger
the occurence of rent-dissipation for the ”conflict prone” agents and the larger the risk of rent

” conflict-averse” individuals. Hence the more efficient it is to commit

expropriation for the
to protection of property rights.The previous discussion suggests that there may actually be a
region in which the societal equilibrium with commitment is characterized by no property right

protection.

e Cultural dynamics:

Turning to cultural dynamics, we have the socialization incentives AV(p,q) of ”violence-

prone” individuals as:
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w I1+a
Vi) = 0 (20-0)% — o) (1= 0) (20 - Py e - dat?) - F

- [q (2<1 ~ P - ) +(1-q) (20-p)% - )]

which after substitution of a'l = 2(125)‘”, a?? = ig;ﬁi’;, a? = 2(1 — p)wc(;ig)z, a?l =
2(1 - p)wm provides
1 1+a)?
AV = 21— = 1- -
|4 ( p)w[tJ<4>+( q)<2+a>
14+« 14 2«
—2(1 - plw |[g—— + (1 — @) ——
(1-p) [q(2+a)2 ( Q)4<1+QJ
1 14+« 1+a)? 14 2«
= 201— L - - ~F
(1= p)w [q <4 (2+a)2> ( 9 ((2+a> 4(1+oz)>
2(1 — p)wa?

4(1+04)(2+Od)2 [(3+a)_Q(2+OZ)]—F

Now for the ”conflict-averse” individual, one similarly has :

1 1
2 _ _ - 221 _ . 12 929
AV® = ¢ <2(1 p)w2 S —ca ) +(1—-9q) (2(1 p)w2 c“a )

— [q <2(1 —p)w% — 02a11> +(1—q) (2(1 — p)wH—a — 02a12> — F]

2+«
or
AV? = 2(1 —pw [q 2+(1—q)1
2+ a) 4
1 1 1+a
—2(1 — -—14+a); | +(1- + F
o (arat) otz
2(1 o” o F>0
= 2(1-pw [q4(2+a) +4(2+a)2} +F >
Finally for the locus (jt = 0, one can compute:
a2
AVY G e)2te) (B+0a) —q(2+ )] - 55555
2 2 2 r
AV q4(§+o¢) + 4(2ia)2 5w
a2
ey (G —a@+ o)l — g

2 2 F
U157y T 1o T 209w
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or finally

a2
AV @t e) (1 -q) +1] - A, bapa)
= =2\gp o
AV? g(2+0)+1+ 3200

It is a simple matter to see that ® (¢, p,a) is a decreasing function of p and gq. We assume

— « 2
< Cathey (3va) Bl v

to ensure that for all g, q) € |0, 1]2, one has AV!/AV? to be strictly positive®®. The characteri-

zation of the interior cultural steady state is obtained from :

that F'/w is small enough

@@mUiQWOZT%E (56)

It is immediate to see that the LHS of equation (56) is a decreasing function of ¢ (as p (3, q)

is increasing in ¢ and ® (g, p, @) is decreasing in p). The RHS of (56) is increasing in ¢ and goes
from 0 to co when ¢ goes from 0 to 1. Hence given by (55) that ® (0,p(5,0),a) > 0, then it is
immediate to see that equation (56) has a unique solution ¢() and that ¢(8) < 1/2. Moreover
q(p) is an increasing function of 5. Moreover there is a unique value B(a) such that ¢ (8) = 5.

Indeed such S is determined by

®(5,p(5.5). @) = (5,0,0) = T
or after substitution
1— 2F (2 2
sl +a) (1= 8)+1] - (B (2 +a) + 1) = LD 67)

Denote the LHS of (57) as a function X (f3,«). Simple differentiation shows that ¥ (3, «) is
decreasing in B and takes value ¥ (0,a) = ££2 > 0 and X (1,a) = — ((2 +a) + 1) < 0. Now (55)

14+o
implies
2F(24+a)?  (1-p(0,0)) 4+
3 =X(0
wa? (1+ ) [ +a]<1+a (0)

Ttherefore there exists a unique value E(a) € (0,1) satisfying (57). To such value B(oz) , there

~

exists a corresponding unique value g (a) = ¢(5 («)). QED.

e Institutional and cultural co-evolution

We have the following results that correspond to the phase diagrams 11a) and 11b):

56 Otherwise we could get the possibility of a cultural steady state without ”conflict-prone” individuals.
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Result : i) The dynamics of case 1 as shown in the phase diagram (11a) (ie. q(a) < q(a))
holds for a = i—f — 1 large enough.
ii) The dynamics of case 2 as shown in the phase diagram (11b) (ie. q(a) > q(«))

holds for a = 2—? — 1 close enough to aumin-

Proof. Consider

_1-4q(@)

¥ (g(a),a) = T+a) [(2+a)(1=4q(a)) +1] —qla) (¢(a) 2+ a) +1)

recalling that g(amin) = 0 and lim, .« ¢(@) = % with
e 22V2
min (\/§ . 1)
then it follows that

(3 + amin) - (1-p(0,0)) 3+ amin] > 2F(2 +2ozmin)2

(1 + amin) (1 + amin) wao

by (E]V(aminy amin)) - .

o~

and therefore that ¢(amin) <  (0min) = ¢(amin) and this holds as well for « close enough to aumin

by continuity.

Similarly ]
. . 2F(2 + a)? . . 2F
A |2 (@), 0) = =25 | = Jim B(d(a), @) = 7 = —oo
Thus for « large enough, one has ¥ (g(a),a) < 0 < ZFS;EO‘)Q = ¥ (q(@), ) and therefore q(a) <

(). QED.
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