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Summary 
 
In a society composed of a ruler and its citizens: what are the determinants of the political 
equilibrium between these two? This paper approaches this problem as a game played 
between a ruler who has to decide the distribution of the aggregate income and a group of 
agents/citizens who have the opportunity to revolt if they are unhappy with the distribution. 
Nevertheless, if too few revolt, the agents become defeated and receive zero consumption, 
while a successful revolt increases the consumption level of the rebels whereas the ruler 
receives nothing. Coordinated action by citizens is possible because they form nodes in a 
communication network. However, communication through the network is noisy, which 
removes common knowledge about the endowments and could preclude the emergence of 
collective action among citizens. In this paper, I argue that the network structure and the noise 
level are determinants of the political equilibrium and wealth distribution. The model explains 
how the ruler could use propaganda, cooptation and repression to increase his expected utility. 
The formalization of the game is accomplished using such concepts as p-beliefs and p-
dominant strategy (Monderer and Samet, 1989, and Morris and Shin, 2002). Finally, I 
illustrate the model by applying it to cases in Nigeria and Zaire/Congo. 
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I. INTRODUCTION 

In a society composed of a ruler and its citizens: What are the determinants of  the 

political equilibrium between these two?  In this introduction, I first argue that this 

question is relevant in economic theory, especially in development economics, and that 

understanding the origin of the distribution of political power in the society could shed 

light on reasons for economic backwardness. Secondly, I present the key features of my 

game-theory-based model, which explains that the political equilibrium in a soc iety 

depends on the characteristics of the a communication network that connects its citizens , as 

well as  the noise present in such network. Although the model is simple, it enables us to 

analyze how propaganda, repression, and cooptation could be used by the ruler to enhance 

his political power, and how income distribution depends on the political equilibrium. 

  There is a growing consensus on the importance of institutions and technology in 

order to explain the striking differences in per capita income between developed and 

underdeveloped countries. Enforcing property rights, the rule of law and adopting of the 

best technology available seem to provide many explanations  about the economic 

performance of a country2. Therefore, the question is: Why do underdeveloped countries 

fail to choose better institutions and/or adopt the appropriate advanced technology? 

  Several authors have formulated an answer. Parente and Prescott (1997) 

developed a model where a country protects monopoly rights via regulation, making it 

difficult and costly for potential entrants to enter into the protected industry with better 

technology, which, in effect, impedes the growth of the economy. This is an example of 

                                                 
2 For example, Rodrik and Subramanian (2003), Parente and Prescott (1997) and Sala -I-Martin (1997), 
Acemoglu (2000 and 2003) among many others. 
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what Acemoglu (2000) calls the "economic losers hypothesis" in which interest groups 

block the adoption of new technologies or better institutions to protect their economic 

rents. However, as correctly noted by Acemoglu, these models assume that such interest 

groups have the political power to block reforms. The question is then: Why cannot other 

citizens "block the blockade", and impose institutional reforms or the introduction of better 

technologies, if that would benefit the majority? In other words, where does the 

distribution of political power among members of a society come from and when does 

such distribution preclude technological or institutional reforms? 

  Alternatively, other authors propose the "political losers hypothesis" (Acemoglu 

(2000) Bush and Muthoo, 2002). In the Acemoglu model, the elite could loss political 

power due to technological advances. Therefore, the argument is that if the elite maintain 

political power after reform, they could use that advantage to extract the gains of the 

technological  progress. Thus, if the elite defend the status quo, it must indicate that 

reforms threaten their political power. In the Busch-Muthoo model, institutional changes 

adopted by a society on some topic could hinder the bargaining power of the elite in other 

issues. However, it is only assumed in both models that technological or institutional 

change diminishes political power of the elite. That is, no reasons are given as to why this 

is so. It is obvious that to understand why and when technological and/or institutional 

changes modify the political equilibrium of society, we need a theory capable of 

explaining the origin of such equilibrium. 

 We also found political assumptions in Acemoglu and Johnson, 2003, where they 

distinguish between "property rights institutions", which aim at precluding expropriations 

by the government or the elite to citizens, and "contracting institutions", which allow 
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contracts among citizens. These authors found (using a game theory model and 

instrumental variable approach) a first order negative effect of the lack of "property rights 

institutions" on long-term growth. Meanwhile, "contracting institutions" only seemed to 

matter for financial intermediation methods. If the absence of security on property of 

citizens hinders economic growth, it is important to understand the political power 

distribution which allows expropriations by the elite or the government. 

There are also political assumptions in Mancur Olson's (1993, 2000) model on the 

origin of the state, where an itinerant bandit decides to settle down, seizes and holds a 

territory, and becomes a respected ruler of its inhabitants. Since the ruler wants to 

maximize his income, which is the product of the tax rate and the tax base, he has to take 

into account the incentive-distorting effect of taxation. Although in this model the ruler 

holds total political power, he does not want to expropriate his subordinates completely. 

Thus, he will set a sufficiently low tax rate so as to leave them with an adequate incentive 

to produce. Moreover, it is in his interest to provide public goods, such as enforcing 

property rights and private contracts among his subordinates, and providing them peace 

and order. Again, the key assumption about the origin of political power that the ruler 

holds still needs an explanation. 

Giving importance to property rights, economic theorists have tried to understand 

their origin and evolution. Skaperdas (1992), for example, model two individuals who 

receive an endowment as initial resources. Each agent has to decide how much of this 

endowment should be devoted to produce consumption goods and how much to produce 

"arms". The quantity of arms of each agent defines his probability of winning a war, where 

the winner would receive all available consumption in the economy. The model provides 



 

 

5 

 

many insights in the relationship between power (measured as the probability of winning a 

war) and property rights. However, it is worth to recall David Hume's words "Nothing 

appears more surprising to those who consider human affairs with a philosophical eye, 

than the easiness with which the many are governed by the few?"3. This is the political 

equilibrium we are interested in, where the problem of collective action –specially by the 

governed- is relevant. 

 To approach these issues, we develop a model with a ruler and n citizens, who have 

a utility function U(.) that depends only on the consumption of a unique kind of good 

available in this economy. The citizens are the nodes in a communication network. The 

structure of the network is exogenous and could be understood as the result of geographic 

restrictions (such as natural barriers among villages or natural links such as navigable 

rivers) or cultural conditions (different languages, castes or social classes, regionalism, and 

social norms of inclusion and exclusion) and the ruler’s political actions (repression). 

People can send information through the network, but this communication could be 

defective in the following sense: If we assume that the consumption level of an agent has 

two possible states, H and L, a person linked to that agent would observe the true state with 

probability a and the other with probability 1-a. The information about that agent’s 

consumption will travel through the network, suffering the possibility deformations at 

every link. We will call 1-a the “noise level” and a the “channel capacity”. The reasons for 

such distortion could be cultural (such as norms against “flaunting one’s wealth” and lack 

                                                 
3  (David Hume, "Of the First Principles of Government", 1758, p. 32 of the 1987 edition, cited by Basu, 
2000) 
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of trust among citizens 4 or among ethnic groups) and represent a simplification of the noise 

present in every communication process.5 

 The total amount available of the consumption good is exogenous. By this 

assumption, in this model the extraction by the government will depend only on the 

political equilibrium since there is no room for an incentive-distorting effect of the ruler’s 

extraction as in Olson’s model. It is the ruler’s job to distribute the total amount of 

consumption good, which is equal to T > nH  for some H > 0, among the citizens and 

himself. To do so, the ruler and the citizens play a one-shot two-stage allocation game. In 

the first stage the government could use propaganda to change the agent’s priors6, and/or 

repression to change the communication network, eliminating a subset of citizens. Finally, 

the ruler has to allocate one of two consumption levels (H or L, 0 < L < H) to citizens who 

survive the repression. The leftover will be the ruler’s consumption. 

The ruler, of course, would like to assign L to as many citizens as possible, but after 

the allocation is made it is the citizens’ move. Essentially, every agent has to decide, 

privately and simultaneously, whether to revolt against the ruler or not. If a given agent 

decides not to rebel, his consumption level would be whatever is assigned by the regime. 

On the other hand if at least f̂  other agents also decide to revolt, they will defeat the ruler 

and achieve an individual consumption level of M, where 0 < L < M < H, while the ruler 

receives zero consumption. If less than f̂  agents revolt, then the regime will prevail and 

maintain its original consumption, while each rebel gets zero utility. This means we are 

assuming that the goods the defeated rebels would consume will be thrown away; the 
                                                 
4 The lack of trust among two persons belonging to different ethnic groups has been documented by Alesina 
and La Ferrara (2002). 
5 See Shannon 1948. 
6 Agents will use their priors to make a decision, so it could make sense for the ruler to try to change them. 



 

 

7 

 

government , therefore, would not receive any benefit from a defeated uprising.7 On the 

other hand, assuming only uprising agents will benefit from a triumphant revolution, we 

could disregard the “free rider” effect and focus only on the consequences in the absence 

of common knowledge in wealth distribution. 

 In principle, if at least f̂  agents receive a consumption level of L, it is in their 

interest to revolt. In fact, if this happens in a perfect information environment, there will be 

two Nash Equilibria in the second stage: one where underprivileged agents rebel and one 

where nobody does. In this paper, we focus on the analysis of the former case, because it is 

difficult to imagine how a ruler could rely on the latter when making decisions. Since the 

agents obtain their information about one another through a noisy communication network, 

no agent knows with certainty the payoff of any other agent. This complicates the 

emergence of collective action but does not make an uprising impossible8. 

We find that the ruler’s maximum expected utility depends on the channel capacity 

and, more interestingly, on the network structure , and on the cost of propaganda and 

repression. In particular, the lower the channel capacity and the less connected the 

network, the higher the expected utility of the ruler and, in some interesting cases, the 

higher the number of deprived citizens. In addition, we found that it could be in the 

government’s interest to provide H to some citizens, in particular, those who have 

relatively more connections – we call this cooptation.  

We use this model, first, to reflect on the determinants of political equilibrium in a 

society divided in a ruler and its citizens and on how rent-seeking rulers could use 

                                                 
7 This is equivalent to assuming that when the government is able to defeat an uprising (i.e. when fewer than 

f̂ agents revolt), it has to expend L to defeat a rebel. 
8 This is formalized in chapter II. 
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propaganda, repression, and cooptation to increase its political power and, therefore, its 

expected utility. We illustrate the model with countries such as Congo and Nigeria 

 The paper is organized as follows: Section II develops and explains the model; 

Section III presents two examples, and Section IV applies the model and discusses the 

results. 
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II. THE MODEL 

 In this section, we introduce some notation and formalize the game. First, we 

present a simplified version of the game where the government’s set of strategies include 

only different ways to allocate the aggregate income among citizens (i.e. propaganda and 

repression are not allowed). The citizens will have the option to attack or not. This basic 

game is analyzed in a complete information environment. Then, we explain how the game 

works in an incomplete-asymmetric information setting, finding the conditions for the 

emergence of a revolt against the ruler, and how this shapes the ruler’s best response. 

Finally, we study the entire game allowing the government to use repression and 

propaganda in an incomplete –asymmetric information environment. 

II.1.The basic game 

We consider a set of n+1 agents: agent 0, the ruler, and the citizenry consisting of 

the set },...,1{ nN = . Each agent has an increasing and concave utility function )(xU , which 

depends only on his consumption x )0( ≥x . We normalize the utility function such 

that 0)0( =U . 

Among these individuals there are bilateral and symmetric relationships called 

communication links. We denote this by ij , the link between i and j. We use 

},/{ NjNiijN ∈∈=Γ to denote the set of all possible links among agents in N and Γ  to 

denote a set of links  (i.e. NΓ⊆Γ ). A communication network is a non-oriented graph 

),( ΓN  where the players are the nodes, connected by bilateral links inΓ . The shortest path 
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between two agents i  and j  is called the geodesic,9 and the number of links along such a 

path is called the degree of separation between i  and j , noted as )(ijd . We consider only 

networks (N, Γ ) that interconnect every pair of agents in N. The network structure is 

common knowledge among the agents. 

Now we define a one-shot, two-stage “allocation game.” In the first stage, the ruler 

distributes the total amount of consumption good, exogenously set as T (T > nH), 

assigning some non-negative amount iX  of the good to each citizen i , where 

},{ LHQX i =∈ , 0<L<H . Hence, the set of strategies for agent zero is 

{ }QXXS inii ∈= = ,}{ ,...,2,10 . Note that in principle, the ruler would be able to allocate H to 

every citizen and still receive positive consumption. 

In the second stage, it is the citizens’ turn to play. Each one has two available 

strategies: { }CASi ,=  for ni ,...,2,1= , where C stands for “accept iX  and do not fight the 

ruler” and A stands for “do not accept iX  and attack the ruler.” However, the outcomes 

will depend not only on the individual’s decisions, but also on the decisions of other 

citizens. In particular, it is necessary that a coalition of at least 1ˆ >f  individuals fight the 

ruler to defeat him. The number f̂ is exogenous in this model, and represents the 

government’s ultimate repressive capacity. If such a coalition arises, the ruler will in fact 

be defeated and get a consumption level of zero. Then every member of the triumphant 

partnership will get a new allowance of M, where 0<L<M<H, and hence the utility for all 

members in the winning group would be )(MU . Although it is true that the reward M 

                                                 
9 If there is more than one distinct geodesic from i to j, we choose one randomly for driving the information 
from i to j and vice versa. Thus, we always talk about “the” geodesic connecting two agents. Agents will 
only rely on information coming through a geodesic. 
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should depend on the size of the winning coalition, we keep it exogenous for simplicity. 

Meanwhile the citizens who did not participate in the revolt (either triumphant or defeated) 

would not be affected, keeping their utility at )( iXU . We assume M is such that 

2/1
)(
)(

>
MU
ZU

.10 On the other hand, if the attacking coalition has fewer than f̂  members, 

the ruler would prevail and the members of the defeated group will lose their entire 

endowment, which would be thrown away, and have a utility of 0. Therefore, for the 

citizens, the payoffs are as follows: 









≥
<=

ffandAifMU
ffandAif

CifXU
U

i

i

ˆ)(

ˆ0
)(

 

Each citizen would choose his strategy privately and simultaneously. Of course, the 

players would maximize their expected utility. The ruler’s utility will be 







− ∑

=

n

i
iXTU

1

 if 

not defeated and zero if defeated. 

We can see that if the endowments },...,2,1,{ niX i = are common knowledge, and 

ff ˆ≥  citizens receive LX i = , then there is a Nash equilibrium where a coalition arises 

and defeats the ruler, since it is common knowledge among these f citizens that it is in 

everybody’s interest to fight the ruler and get a utility of )()( LUMU > . Hence, in this 

situation, the best the ruler could do is to assign H to 1ˆ +− fn citizens and L to the other 

1ˆ −f  agents. In this way, 1ˆ +− fn citizens would receive a utility )(HU  and would not 

participate in any rebellion, while the remaining agents would receive a utility of )(LU , 

                                                 
10 We will see that this assumption facilitates the calculations. 
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but cannot consolidate a coalition strong enough to defeat the ruler.11 Hence, agent zero 

would ensure a utility equal to ( )LfHfnTU )1ˆ()1ˆ( −−+−− . In this perfect-information 

environment, if at least f̂  citizens receive LX i = , there is also a Nash equilibrium where 

nobody challenges the ruler. Such a Nash equilibrium could allow the ruler to assign 

LX i =  to everybody, but we do not find such a case interesting because, again, it is 

difficult to imagine how a ruler can rely on such an equilibrium to define his best response. 

II.2. The incomplete information game 

We assume that endowment iX  is only known by i itself and by the ruler, and that 

to acquire knowledge about the endowments of others, each agent has to rely on the 

communication network. This notation will be useful: 







=

0
1

iX  if HX i = , and 







=

1
0

iX  

if LX i = . Now suppose, additionally, that the communication in such a network is noisy, 

which means that if agent i  has an endowment QX i ∈ , agent j  (who is one link away 

from i ) would receive a signal jiX̂ , which is a random variable with distribution iXΠ , 

where 







−

−
=Π

aa
aa

1
1

.  

Information containing endowment of i would travel through the network suffering 

possible distortions at every link. For example, consider an agent r and suppose a geodesic 

from i  to r is { }jrij, . This means that j receives an unclear message jiX̂  about iX  and r 

receives an unclear signal riX̂  about the information j has received about iX . Then the 

                                                 
11 We assume that no re-distribution of endowments (in any situation) is possible among any group of agents, 
which is logical in this non-cooperative environment. 
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distribution of riX̂ is iX2Π . In general, the signal siX̂  an agent s receives about the 

endowment of i, given the degree of separation between them, d(si), has the distribution 

i
sid X)(Π . Note that the journey of the signal through a geodesic is a Markov chain. In 

addition, we assume signals with different origins  are stochastically independent, that is 

{ }
NiijX

∈
ˆ  and { } NiikX ∈

ˆ are independent if kj ≠ . 

The calculation would be easier if we assume 2/1≥a .  Then Π  would have two 

useful properties: 







→∏ 2/12/1

2/12/1k  when ∞→k , and using the notation 









=Π

)()(
)()(

2221

1211

kaka
kakak  we have ..2,1,2/1)1()( 1111 =≥+> kkaka .This last property 

implies that the information the signal carries decreases monotonically with each link it 

travels through. If a=1 , there would exist common knowledge of endowments. On the 

contrary, if the noise level is the highest possible (i.e.½), there is a higher possibility that 

the signals would not carry any useful information because the agents would not be able to 

actualize their priors after receiving the signals (see below). 

Given the communication structure, endowments { }n
iiX 1= define the probability 

distribution of signals that each agent would receive. To be precise, we define a probability 

space { }P̂,,ℜΩ  where, using the convention iii XX =ˆ , we have: 

{ }{ }QXX ij
nj

niij ∈==Ω =

=
ˆ;ˆ ,...,1

,...,1
ω  

The sigma-algebra ℜ is the power set of Ω , { }Ω⊂ΛΛ=ℜ / , and P̂ is the probability 

distribution { } { } 




 Γ=

=

=
),(;;ˆˆ

,...,1

,...,1

,...,1
NaXXP nii

nj

niij . We have added parameters a and ),( NΓ  as 
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arguments of P̂ to emphasize the dependence of this probability on the noise level and the 

network structure, respectively. The calculations of P̂  is described in Appendix 1.  Note 

that this probability is known only to agent zero, and is different from the citizens’ prior 

probability, defined as follows. 

Assume an incomplete information game ( ) ( ) ( ){ }n
ii

n
ii

n
ii UP 111 ,,, === ΨΩ , where iP  is the 

prior probability distribution of i on omega, defined in the same way as P̂ , which depends 

on the endowment distribution { }n
iiX 1= , the channel capacity a, and the network structure 

),( NΓ . However, the problem is that citizen i  does not know the endowments, except his 

own, so i has to rely on a prior about others agents’ endowments. Following Morris and 

Shin (2002), we assume such prior distribution is uniform,12  13that is:  

ijnjHXPLXP jiji ≠=∀==== ,..2,1,2/1)()( . 

iΨ  is player i ’s partition of the state space Ω . If }{\ iN⊂σ  and 

{ }{ }σσσ ∉=∈=∈=Ψ =

=
jifHXjifLXQXX ijijkj

nj

nkkji
ˆ,ˆ,ˆ/ˆ ,...,1

,...,1
, then i ’s partition 

would be: { }}{\, iNii ⊂Ψ=Ψ σσ . Since agent i  only sees the signals he receives, { }n

jijX
1

ˆ
=

, 

two events, ω and ω’, are in the same set of his partition if  they yield him the same 

collection of signals. We abuse the notation calling )(ωiΨ  the set in i ’s partition to where 

                                                 
12 Morris and Shin (2002) call this prior “Laplacian”, because it follows Laplace’s “suggestion that one 
should apply a uniform prior to unknown events from the principle of insufficient reason.” See op cit p.5 and 
6. 

13 Later on (chapter II.3) we will relax this assumption to allow a priors ratio 
)(

)(

LXP

HXP

ji

ji

=

=
  different from 1 

and make it possible for the government to change it using propaganda. 
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ω belongs, hence )'()( ωω ii Ψ=Ψ if and only if ω and ω’ are in the same set of i ’s 

partition. 

Finally, RSUi →Ω×: is playeri ’s payoff function, with nSSSS ×××= ..10  and 

the strategies and payoffs described above.  

II.3. The emergence of coalitions 

Information that agents receive is incomplete (since every citizen receives just an 

imprecise signal about the other agent’s endowment) and asymmetric (since each agent 

knows exactly its own endowment, but the signals could be different for  each citizen). 

Thus, every agent can only infer the endowments and signals that his partners have 

received, and then he could conjecture the strategies they could adopt. So, it is clear that 

common knowledge about payoffs is lost in this game as long as 1<a . We have to 

understand how collective action could arise in such an environment. As Morris et al 

(1995), page 145, explain: 

When payoffs in a game are not common knowledge, the outcome depends 

not only on players’ beliefs about payoffs, but also on their beliefs about 

others’ beliefs about payoffs, and on their beliefs about others’ beliefs about 

their own beliefs, and so ad infinitum.  

To approach this problem, we use the concepts of p-belief operators created by 

Monderer and Samet (1989), and p-dominance and p-dominant equilibrium developed by 

Morris and Shin (1995 and 2002).  

Morris and Shin (2002) define || g  as a set of states in the incomplete information 

game where payoffs are given by g: 

{ } { }( )




 =∈∀==





=Ω∈= =

=

=
niSssgXsUXsUsUg i

n
ii

nj

nkkjii i ,...,1,),(,ˆ,),(/|| 1

,...,1

,...,1
ωω  
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We could say { } { }( )n
ii

nj

nkkji iXsUXsU 1,ˆ,
,...,1

,...,1
==





 =

=
 because payoffs depend only on 

strategies and endowments. A pure strategy Nash equilibrium *s of a complete information 

game, g , is defined as a p-dominant equilibrium if, for all i  *
is is i ´s best response 14 

whenever he assigns a probability of at least p to his opponents, choosing according to *s : 

∑∑
−−−− ∈

−−
∈

−− ≥
iiii Ss

iiii
Ss

iiii ssgsssgs ),()(),()( * λλ  

for all ii Ssni ∈= ;,...,1 , and for all λ probability distributions on iS−  such that 

ps
i

≥
−

)( *λ . 

We need to recall the definition of p-belief operators. Let an event be Ω⊂E . The 

event “i  p-beliefs E” is noted as )(EB p
i  and defined as ( ){ }pEPEB ii

p
i >ΨΩ∈= )(|/)( ωω . 

The event “E is p-believed” is I
Nj

p
j

p EBEB
∈

= )()( . Finally, event E is a common p-belief at 

state ω if it is p-believed that it is p-believed, and so on, up to an arbitrary number of 

levels. We note the set of such ω as )(EC p . At this point we need: 

Lemma 4.2 from Morris and Shin (2002). If *s is a p-dominant equilibrium of the complete 

information game g , then every incomplete information game ( ) ( ) ( ){ }n
ii

n
ii

n
ii U 111 ,,, === ΨΩ π  has 

an equilibrium where *s  is played with probability 1 on the event |)(| gC p . 

 Now, we have the instruments to solve our game. We would use backward 

induction in the following way. We could assume that the ruler has defined { }n
i iX 1= , where 

at least f̂ citizens receive L. The goal of the regime is to measure the event where a group 

                                                 
14 As usual we note niii SSSSSS ××××××= +−− .... 1110  and },..,,,..,,{ 1110 niii ssssss +−− =  
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of at least f̂  citizens will play “attack” with probability one. Using that measure, the ruler 

could calculate the expected utility that such an allocation { }n
i iX 1=  would yield him. Doing 

this exercise for each possible allocation, the government could choose its best response. 

To proceed, we identify events that the ruler should count as “attacked by at least 

f̂ agents”. First, note that in a perfect information game, “attack” for i receiving L and “do 

not attack” for i receiving H is a NE.  Also, “attack” will be a best response for i  only if 

LX i = . The probability p  that agent i  assigns to the event “at least 1ˆ −f   other citizens 

will attack” is p>1/2, because the expected utility of attacking is: 

)()()0()1()( LUMpUUpMpU ≥=−+ , 

and we assumed that 2/1
)(
)(

>
MU
LU

. Second, note that although revolts of more than f̂  

citizens are possible, from the ruler’s point of view, it is enough to take into account the 

events where f̂ citizens play “attack”. 15  From now on, σ will denote N⊂σ and 

f̂)(# =σ . 

Third, note that if we are trying to identify events where a specific group σ of 

deprived citizens would revolt, we only have to consider events where σ∈∀= jiLX ij ,ˆ . 

To see this, consider the case where some σ∈s receives a signal H about σ∈k , 

so HX sk =ˆ . Then, we know: ( ) ( ) 2/1)(ˆ
21 <=== skdaHXLXP skk . This means that 

the probability agent s would assign to the event “everybody in σ receives L” is less than 

                                                 
15 If f  citizens, ff ˆ>  “attack” in event ω , obviously, f̂  agents will play attack on such event ω . The 

results, from the ruler’s point of view, would be the same. 
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half. If that is the case, “attack” will never be a p-dominant strategy for s, since for it to be 

the case, it  is necessary that  p>1/2. 

Therefore, we could focus on event { }σω ∈=Ω∈= jkLXE kj ,;ˆ/ . In this event, 

every citizen in σ  gets L and also receives a signal LX kj =ˆ from every member of the 

group. We want to find the condition for E to be common p-believed byσ . This is stated in 

the next lemma. 

Lemma 1. The necessary and sufficient condition for { }σω ∈=Ω∈= ikLXE ik ,;ˆ/  being 

common p-believed in E (i.e. EEC p =)( ) is ( ) ptkLXLXP ktk ≥∈== σ,;|ˆˆ . (See proof 

in Appendix 2). We are ready to say when a revolt of f̂ citizens will occur. 

 Proposition 1. If for some N⊂σ  with f̂ members, where LX i = for σ∈i , it is true 

that ( ) ptkLXLXP ktk ≥∈== σ,;|ˆˆ , for some 
)(
)(

MU
LU

p ≥ , then “attack” will be played 

with probability 1 for agents in σ  in event { }σω ∈=Ω∈= ikLXE ik ,;ˆ/ . 

 To prove this, we first note that if for some N⊂σ  with f̂ members LX i = for 

σ∈i , then in a complete information game, σ∈i will “attack” in one of the two NE. For 

some
)(
)(

MU
LU

p ≥ , this would also be a p-dominant equilibrium. Using the assumption 

( ) ptkLXLXP ktk ≥∈== σ,;|ˆˆ , Lemma 1, and Lemma 4.2 from Morris and Shin (2002), 

we can conclude  that “attack” will be played with a probability 1 for σ  in the event 

{ }σω ∈=Ω∈= ikLXE ik ,;ˆ/ , completing the proof. 
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We are ready to tell the ruler the events when a coalition of at least f̂ members will 

“attack”, given endowments { } NjiX ∈ . Such event is: 

{ } ( )








≥≥∈===∈∀∃Ω∈=Φ
∈ )(

)(,,;|ˆˆ,ˆ:/
MU
LUppktLXLXPLXi ktkjij σσσω

σ
 

 Agent zero is maximizing his expected utility:  

{ }( )[ ]
{ } niQXtsX

XTUXNaPMax
P

i
n
ii

n

i
i

n
ii

..2,1.

),,(,;ˆ1
1.

1

1
1

=∈









−ΓΦ−

=

=
= ∑  

This maximum exists, because the set of possible allocations is finite. Given the two-stage 

structure of this game and how citizens define their strategies once the allocation is made, 

the ruler could use backward induction to find the best strategy. 

 We note ( )aNU ),,(~ Γ as the maximum expected utility the ruler could obtain given 

the network and the channel capacity. The next corollary explains that the more (less) 

connected the network and/or the higher (lower) the channel capacity, the lower (higher) 

the expected utility the ruler would obtain in this game. 

Corollary 1: If 21 Γ⊂Γ and 21 aa < , then: 

( ) ( )aNUaNU ),,(~),,(~
12 Γ≤Γ  and ( ) ( )12 ),,(~),,(~ aNUaNU Γ≤Γ  

Proof:  Let us assume that ( ) ( )12 ),,(~),,(~ aNUaNU Γ>Γ , where { }n

iiX 1

~
=  is the allocation 

with a maximum at ( )2),,(~ aNU Γ . That is:  

( ) { }( )[ ] 






 −ΓΦ−=Γ ∑
=

=

n

i
i

n
ii XTUXNaPaNU

1
122

~~),,(,;ˆ1),,(~ . 
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If we apply such allocation to a game with a lower channel capacity 1a , we would obtain a 

set of events where “attack” will be played by fewer citizens f̂ when the channel capacity 

is lower:  

{ }( ) { }( ) 212111
~),,(,~),,(, Φ=ΓΦ⊂ΓΦ=Φ ==

n

ii

n

ii XNaXNa , 

so, if 1Φ∈ω , then N⊂∃σ  such that ( ) paNtkLXLXP ktk ≥Γ∈== 1),,(;,;|ˆˆ σ  . Hence, 

for the same group of citizens it is also true that  

( ) paNtkLXLXP ktk ≥Γ∈== 2),,(;,;|ˆˆ σ , that is 2Φ∈ω . 

Furthermore, ( ) ( )2211 ;ˆ1;ˆ1 aPaP Φ−>Φ− , therefore:  

( )[ ] ( )[ ] 






 −Φ−>






 −Φ− ∑∑
==

n

i
i

n

i
i XTUaPXTUaP

1
22

1
11

~;ˆ1~;ˆ1  

Using our initial assumption, this means that ( )[ ] ( )1
1

11 ),,(~~;ˆ1 aNUXTUaP
n

i
i Γ>






 −Φ− ∑
=

. 

However, this is not possible since the right-hand side of the inequality represents the 

maximum utility level a ruler could obtain with channel capacity 1a . The proof for 

different network connectivity is similar. This concludes the proof of corollary 1.  

The next corollary should also be noted: 

Corollary 2: For any network structure16 ),( NΓ and any groupσ (with f̂ members) that 

receive an allocation of Z, there is a noise level a−1  such that the “attack” will be played 

by agents in σ with probability 1 on event { }σω ∈=Ω∈= ikLXE ik ,;ˆ/ . On the other 

                                                 
16 Recall, we assume that the network is fully connected, i.e. there is always a geodesic connecting any pair 
of agents. 
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hand, there is always a noise level a−1  such that the “attack” will never be played by 

agents in σ . 

Proof: For any fully connected network structure ),( NΓ and any coalition σ  of 

f̂ members receiving an allocation of L, ( )σ∈== tkLXLXP ktk ,;|ˆˆ  is a continuous and 

increasing function of a, with value 1 for a=1 and value less than or equal to ½ for a=1/2. 

We then apply proposition 2, concluding the proof of corollary 2. 

II.3. The extended game  

In this section, we will introduce two more actions to the ruler’s set of strategies. 

The first one gives the government an opportunity to “shape” the network before making 

the allocation, eliminating a subset of nodes and its respective links. This option is called 

“repression”. The second one gives the ruler has the possibility to change the priorities of 

citizens, which will be noted as “propaganda”. 

 Specifically, with the original network ( )N,Γ ,  the ruler could choose a set 

NR ⊂ of citizens such that the agents in RN −  will be eliminated or insolated, so that 

they would no longer be in the network, nor would they receive any endowment (i.e. 

RNiX i −∈∀= ,0 ). Then, the network after repression is: ( )R,Λ  instead of ( )N,Γ , where 

{ }RjRiijij ∈∈Γ∈=Λ ,,/  .  

 However, it is realistic to assume that there is a government cost when repressing 

citizens. We can assume that each “eliminated” node produces a loss for the ruler 

equivalent to ϕ  units of consumption good. Thus, moving from the original network 

( )N,Γ  to ( )R,Λ  will cost the ruler ϕ)(# RN −  units of consumption good.  
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 After “shaping” the network, the government has another option: changing the 

citizens’ priors using propaganda. We formalize this argument by assuming a discrete 

“propaganda function” { }K
kkk G 0, =ρ , where KkLL kk ,...,1,11 =≥> −  and  

KkGG kk ,...,1,01 =≥> − . kρ  represents the ratio among priors of citizens. So, 

RiijRj
LXP

HXP

ji

ji
k ∈∀≠∈∀

=

=
= ,,,

)(

)(
ρ  after the ruler expends kG  in advertising.  

Hence, the new strategy set of the ruler will be:  

{ } { } { }{ }QXXKkGNRRS iRiik ∈=⊂= ∈ ,}{,,...,0,,,0  

The ruler’s payoff will be ( )






 −−−− ∑
∈

RNGXTU k
Ri

i #ϕ if not defeated, and 0 if 

defeated. 

After the government has decided the set N-R of nodes to be eliminated, the 

propaganda level k, and the endowments RiiX ∈}{ , it is time for the citizens in R to move17. 

The strategies and payoffs of citizens are the same as before. Also, in order to decide 

which action to take, the agents in R will still actualize its priors kρ  using signals 

{ }
RjijiX

∈,
ˆ  in the same manner as explained in Chapter II.2. 

Hence, the ruler’s problem becomes:  

{ }( )[ ]
{ } RiQXKkNRtsXkR

RNGXTUXRaPMax
P

iRii

k
Ri

iRii

∈∈≤≤⊂









−−−−ΛΦ−

∈

∈
∈ ∑

,0,.,,

)(#),',(,;ˆ1
2. '

ϕ
 

Thus, we can restate Proposition 1 in the following way: 

                                                 
17 Citizens in N-R, of course, will not have any chance to move. 
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Proposition 1’. If for some 'N⊂σ  with f̂ members, where LX i = for σ∈i , it is true 

that 
( )

( ) ( )[ ] p
kidakida

tkLXLXP

ik
k

k

ktk ≥
+

∈==

∏
≠
∈σ

ρ
σ
)()(

,;|ˆˆ

1111
, for some 

)(
)(

MU
LUp ≥  then “attack” will be 

played with probability 1 for agents in σ  in event { }σω ∈=Ω∈= ikLXE ik ,;ˆ/ . 

The proof of the proposition is in Appendix 3. 

Note that the expression 
( )

( ) ( )[ ] p
kidakida

tkLXLXP

ik
k

k

ktk ≥
+

∈==

∏
≠
∈σ

ρ
σ
)()(

,;|ˆˆ

1111
 decreases as hL  

increases. This means that any revolt can be precluded if kρ is high enough to ensure the 

inequality:  

( )
( ) ( )[ ] )(

)(
)()(

,;|ˆˆ

1111 MU
LU

kidakida
tkLXLXP

ik
k

k

ktk <
+

∈==

∏
≠
∈σ

ρ
σ
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III. EXAMPLES 

III.1. Example 1 

Let us analyze the simplest network: two agents connected by one link. The 

number of agents needed to defeat the ruler is, of course, two. Hence, the set of strategies 

for agent zero is the set of endowments: 

{ } { } { } { }{ }LXLXLXHXHXLXHXHXS ========= 212121210 ,;,,,,,  

Therefore, the obstacle for the ruler is to decide whether to assign L to only one agent or to 

both. If only one agent receives L, the utility of the ruler is )( LHU − . We can find cases 

when the ruler obtains a higher expected utility by assigning L to both agents. Assuming 

that he does this, we have:  

The probability { } { }( )212112 ,),,(,;ˆ,ˆˆ XXNaXXP Γ  is: 

( ) 4/1)1(ˆ,ˆˆ 2
2112 ≤−=== aHXHXP  

( ) aaLXHXP )1(ˆ,ˆˆ
2112 −===  

( ) aaHXLXP )1(ˆ,ˆˆ
2112 −===  

( ) 4/1ˆ,ˆˆ 2
2112 ≥=== aLXLXP  

Event { }LXLXE === 2112
ˆ,ˆ  is p-evident for }2,1{=σ and for some p between 0 and 1, if 

and only if: ( ) pLXXLXXP ≥==== 212112 |ˆˆ , that is, if pa ≥2 . However, if 

)(
)(2

MU
LUa < , then the strategy “attack” will never be a p-dominant strategy for any agent. 

In this case, the ruler could assign a lower endowment to both agents and not fear a revolt.  
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 On the other hand, if 
)(
)(2

MU
LUa ≥ , then when event { }LXLXE === 2112

ˆ,ˆ , the 

strategy “attack” for both agents will be a p-dominant equilibrium played with probability 

1 on such event. Agent zero will take the risk if: 

{ }[ ]{ } ( ) ( ) ( ) )2(231)23,),,(;ˆ1 2
21 LHULHUaLHULXXaNEP −≥−−=−==Γ−  

 An extreme example of a ruler willing to bear such a risk is, of course, a risk 

neutral ruler, in which the inequality will become: ( )( ) LHLHa −≥−− 2231 2 . Recalling 

2/12 ≥a , we obtain: 2>3, which means that agent zero will never take such a risk. Hence, 

any ruler will assign L to both agents if and only if 
)(
)(2

MU
LUa < . Otherwise, he will assign 

L to one agent and H to the other. 

III.2. Example 2 

We have a more interesting example when there is a network: 

 

 In this network the salient feature is the central agent c, who has contact with every 

agent in N.  The remaining agents, we can call them the periphery agents, have to rely on 

the information they receive through c. There are several possible distributions. The 

following are the most important ones. 
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Assume f̂ =3 and each agent in NF ⊂  ( 3)(# ≥F  and c is in F) is assigned L. Let 

F⊂σ  be a group with three elements, again including c, whose agents receive a 

signal { }σ∈== tsLXE st ,;ˆ . “Attack” will be a p-dominant equilibrium played with 

probability 1 on this event if the following condition holds:  

( )
)(
)(,;|ˆˆ

MU
LUpjiLXLXP iij ≥≥∈== σ  

This means that in this context 
)(
)(6

MU
LUpa ≥≥ . If this is true, the probability that the ruler 

would be defeated is high, because it is highly probable that at least 3 agents whose 

endowment is L receive signal E.  

 Another distribution that may improve the ruler’s expected utility is to give H to c 

and L to everybody else. This means that the endowment of the agent will depend on his 

position in the network: the well-connected receive higher endowments. That is what we 

call “cooptation”. Consider a group F⊂σ~  of 3 elements. “Attack” will be played with 

probability 1 in the event { }σ~,;ˆ ∈== tsLXE st  if this condition holds:  

( )
)(
)(~,;|ˆˆ

MU
LUpjiLXLXP iij ≥≥∈== σ . 

However, since signals LX ij =ˆ are coming from the periphery, this probability is: 

( ) ( )333 )1(,;|ˆˆ aajiLXLXP iij −+=∈== σ  . 

Additionally, whenever a>1/2 we have ( ) 6333 )1( aaa <−+ . Thus, it is possible that we 

have ( )3336 )1(
)(
)(

aa
MU
LU

pa −+>≥≥ , which means that it would be easier to develop 

coalitions when c receives L, but impossible if agents in the periphery only have 
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prospective allies from the periphery. In such case, the ruler can safely assign L to 

everybody with agent c receiving H. 

 We could also note that, given the inequality ( )3336 )1(
)(
)( aa

MU
LUpa −+>≥≥ , if 

the network is fully connected (i.e. the degree of separation between any two agent is 1), 

the extraction level cannot be greater than 2. 

III.3. Example 3 
 
Now consider the parameters stated in table 1 and the network that appears in graph xx. 

Table 1 

A 0.989 n 9 

T 10 initial priors  0.95 

M 1 cost of repre ssion 0.6 
 

  0.95 change in priors  0.4 

Z 0.65 

 

  4 
 

 
We assume that the initial priors ratio is 0.95 and for every “unit of propaganda”, 

the priors ratio would increase in 0.4 points. We would consider different cost of  the unit  

Graph 1  

M̂

f̂
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of propaganda. To “eliminate” one citizen costs 0.6, but to reduce the number of options 

the ruler has, we assume that no more than two agents could suffer a repression18. 

Although the government has several strategies19 to choose from, there are fewer 

pertinent options because it is not relevant to identify agents, but their relative position in 

the network20. Furthermore, many options can be eliminated following ideas developed 

previously and adding a few assumptions, such as the following.  

First, we know that a coalition of four is enough to defeat the ruler, so it will be 

useful when analyzing a ruler’s strategy to identify the group of four citizens that are most 

probable in forming a successful coalition (noted as σ̂ ). If we look for a crowd of agents 

with the closest proximity, this group will be easy to identify. It is useful to focus our 

attention on this group because, if the network structure and noise level are such that E 

cannot be common p-believed byσ̂ for a p high enough, obviously this will be the case for 

any other possible coalition. On the other hand, if it happens that E can be common p-

believed by σ̂ for a p high enough, the probability:  

{ } ( )








≥∈==∈∈=Ω∈
)(
)(

ˆ,;|ˆˆ,ˆ,ˆ,ˆ/
MU
LU

ktLXLXPijLXP ktkij σσσω  

will be at a lower bond for )(ΦP , which will be useful later on. 

                                                 
18 After all, the elimination of 3 citizens means 33% of the population suffers repression, which is too much 
under any consideration. 
19Recall that a ruler’s strategy consists of an allocation, a set of citizens to be eliminated and a propaganda 
level.  
20 For example, two  allocations { }iY  and { }iZ such that LYY ii ==   for 9,..3=i and HZY == 21  and 

LZY == 12  are the same for this analysis, because the probability of a revolt and his expected utility are 
independent of the identity of the agents. 
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Note that, since 4ˆ =f , the ruler can safely assign L to three agents, being 

indifferent to the position of such agents in the network. Hence, the minimum utility the 

ruler could get in this game is ( )ZMTU 35 −− .  

We can, then, simplify the problem to ensure that the ruler does not risk the 

possibility of a revolt (i.e. the allocation will be such that Φ is an empty set). This will be 

the case if for every possible strategy { }{ }RkX ii ,,9
1=  with ( ) 0>ΦP : 

( )[ ] ( ) ( )LHTURNGXTUP
i

ki 36#1 −−<






 −−−−Φ− ∑ ϕ  

 
meaning that it will be better if the ruler uses the “safe” allocation instead of risking a 

revolt. In general, we can ensure that this occurs for a risk neutral ruler if, using some 

algebra and applying the lower bound for )(ΦP , we set the final assumption as: 

( )
∑

∑
−

−+
>∈==

i
i

i
i

iij XT

XLH
jiLXLXP

36
ˆ,;ˆ|ˆ σ  

As we said, there is a minimum utility for the ruler where he can safely allocate L 

to three agents. Then, an alternative allocation should be considered only if there are 

networks of at least four citizens receiving L. Maximizing the distance between the 

potential rebels is the safest method to do it21:  

                                                 
21 We note a citizen receiving H as an empty square and a citizen receiving L as a square with a box inside. 
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Strategy 1: 

 
 

Now the question is: For what value of p  can E be common p-believed in this case? 

We already know E depends on the value: 

( )
( ) ( )[ ]∏

≠
∈

+
∈===Ψ

ik
k

k

ktk

kidakida
tkLXLXP

σ

ρ
σ
)()(

,;|ˆˆ

1111
 

which for this case is22: 

[ ]
[ ]3

22

12
2

)1( aa
a

h −+
=Ψ

ρ
 

 

In the same way, we can analyze the other options of the ruler:  

Strategy 2: 

 

[ ]
[ ][ ]2

22

42
2

)1()1(

)(

aaaa

aa

hh −+−+
=Ψ

ρρ
 

                                                 
22 We will use the notation 22

112 )1()2( aaaa −+== ,  )1)(1()3( 22113 aaaaaa −−+== , and 

)1)(1()4( 33114 aaaaaa −−+==  
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Strategy 3: 

 

[ ]3
22

8
2

4

)1(
)(

aa
aa

h −+
=Ψ

ρ
 

      
The preceding strategies are the best options to allocate L to four, five and six 

citizens. Consider a strategy with seven agents receiving L, which always have four agents 

in a row. If the ruler makes such allocations, then it is impossible for a revolt by these 

agents and impossible for a coalition to form any group of four in a row. Thus, the 

government can assign L to every citizen except the central citizen.  

Strategy 4: 

 
 

[ ][ ]2
22

6
2

6

)1()1(

)(

aaaa

aa

kk −+−+
=Ψ

ρρ
 

Strategy 5: 

 

[ ] [ ])1()1(

)(

22
2

2
2

10

aaaa

aa

kk −+−+
=Ψ

ρρ
 

 
In the following strategies, we will add repression to the ruler’s option. Obviously, 

if anyone should be eliminated that would be the central agent. 
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Strategy 6 : 

 

[ ][ ]2
2244

4
4

8
2

)1()1(
)()(

aaaa
aa

kk −+−+
=Ψ

ρρ
 

      

Strategy 7 : 

 

 

  [ ][ ][ ])1()1()1(
)()()(

4422

2
4

4
3

2
2

4

aaaaaa
aaaa

kkk −+−+−+
=Ψ

ρρρ
 

 

Strategy 8 : 

 

 

  [ ][ ][ ])1()1()1(
)()()(

443322

2
4

2
3

4
2

4

aaaaaa
aaaa

kkk −+−+−+
=Ψ

ρρρ
 

 
Next, a strategy with two citizens eliminated. 
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Strategy 9 : 

 

 

  [ ][ ][ ])1()1()1(
)()(

3322

2
3

4
2

6

aaaaaa
aaa

kkk −+−+−+
=Ψ

ρρρ
 

Each strategy can be evaluated numerically using parameters from Table 1. The 

results are as follows. When the propaganda cost is 0.1, the best strategy for the ruler is 

Strategy 5: no repression (R=N), propaganda level 6, and every citizen receiving L. On the 

other hand, if the propaganda cost is 0.3 the best strategy will be Strategy 4: no repression, 

propaganda level 3, and eight agents receiving L. In this case only the central agents gets 

H, which again is an example of cooptation. Finally, Strategy 8 will be the best for the 

government if the propaganda cost is 0.6. In this case, no propaganda is necessary with six 

agents receiving L and two receiving H, where the central agent is eliminated. As we can 

see, whether the central agent receives a higher income or is eliminated depends on the 

relative prices of elimination, propaganda and the endowments levels. 
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IV. DISCUSSION 

VI.1. Ethnic fractionalization and rent-seeking governments 

 Poor economic performance of almost all sub-Saharan countries has been of 

concern to economists for decades (see, for example, Collier and Gunning 1999, and 

included references). Easterly and Levine (1997) argued that ethnic conflict, which has 

troubled these countries, especially since their independence from European powers, is a 

major explanation of such low performance. Alesina et al (2002) confirm a strong link 

between ethnic and linguistic fractionalization on one hand, and poor quality of 

institutionalization and low growth on the other. 

 Although such studies shed considerable light on the issue, it is difficult to accept a 

general one-dimensional, unidirectional, and monotonic relationship between ethno-

linguistic fractionalization and economic performance (see Esman and Herring 2002), 

especially since they are based on cross-sectional analysis. Instead, case studies can help us 

better understand the relationships between these variables. In this section, we apply our 

model of distribution and noise communication in networks in the Nigeria and 

Congo/Zaire cases. 

 First, we have to take into account that the main income of these countries comes 

not from production but from rents. This is essential because these countries have rich 

subsoil, but a poor entrepreneurial environment. Nigeria has oil, producing $280 billon in 

revenues since its discovery of reserves in the late 1950s (Alesina et al). Meanwhile, 

Congo is rich in minerals such as cobalt, copper, and diamonds, where the exportation 

constitutes the majority of the national taxable income. Hence, we can think of these 



 

 

35 

 

economies as “distributive” rather than “productive” and we could apply our model to 

them. 

 Next, note that both countries, according to Alesina et al’s index,23 are among the 

most ethnically and linguistically diverse in the world. Congo has an ethnic 

fractionalization index of 0.874 while Nigeria’s is 0.85. Germany, by comparison, has 

0.16. The majority of the Nigerian population is distributed in 350 ethnic groups that are 

excluded from political power. 24  Therefore, we could use our model to represent each 

ethnic group as a node in the network. The linkages are defined by communication 

channels connecting these groups, which are subject to cultural and linguistic restrictions 

(i.e. it is not the case that everyone is connected to everyone else). Also, it has been 

documented (Alesina and La Ferrara, 2002) that the trust level is low among people of 

diverse racial backgrounds. This lack of trust introduces noise in the communication 

between the nodes of our network. 

 In this scenario, our model predicts that an elite or a dictator will take advantage of 

the lack of linkage among the nodes (ethnic groups) and of the noise present in the 

communication links between the nodes, in order to appropriate a significant share of the 

country’s wealth. Also, we can see that the ruler prevents the development of 

communication channels, breaking them up whenever possible and increasing the distrust 

(noise) among the nodes as much as he can. In the case of Congo and its dictator/president 

from 1965 to 1997, Castells (2000, p.100) states: “Mobutu relied on a very simple system 

of power. He controlled the only operational unit of the army, the presidential guard, and 

                                                 
23 This index measures the probability that two persons of that country, chosen randomly, happen to belong 
to different ethnic groups. 
24 Unless explicitly stated, the data and facts about African countries, specifically Nigeria and Congo, are 
from Castells (2000). 
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divided politics, government, and army positions among different ethnic groups. He 

patronized all of them, but also encouraged their violent confrontation.” With respect to 

wealth appropriation by the ruler, note that Mobutu had in 1993 a personal fortune of $10 

billon outside his country. Generally, in sub-Saharan states there are few wealthy 

individuals. These few individuals display high levels of consumption while exporting 

capital to personal accounts in Europe and the U.S. This wealth represents a significant 

proportion of each country’s capital. Meanwhile, most of the population survives under 

chronic conditions of poverty. 

 So, according to our analysis, the ruler in each of these countries has chosen an 

appropriation/distribution strategy, instead of a production/taxation one. This will have an 

additional effect: The regime does not care in providing a safe environment for business, 

enforcing property rights and contracts, or providing other public goods, since taxation is 

not the source of his income. The evidence in Nigeria and Congo could not be any clearer.  

IV.2. Common Knowledge and collective action in noisy networks 

 In this model, the lack of common knowledge in the distribution of wealth makes it 

possible for the ruler to increase his expected utility, making “unfair” and uneven 

allocations of available income 25. The specific extraction level the regime could exercise 

depends on the entire structure of the network and on the channel capacity. In tha t sense, 

these two factors define political equilibrium between the government and its citizens.26 

We can say, then, that a well-connected network with good communications channels 

                                                 
25 As stated in the introduction, this model approaches the case of a dictatorial ruler, since no electoral 
process is considered. 
26 Those are the only determinants of the extraction power, since the incentive-distorting effect analyzed by 
Olson (1996) and Acemoglu (2002) is not considered in this model. Also, note that the lack of collective 
action against the ruler will be due only to the lack of common knowledge, since the free rider effect is not 
present in this model. 
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serve as a counterbalance to government power, precluding abusive behavior on the part of 

the ruler. Also, they facilitate a more equalitarian distribution of wealth by making 

excessive or non-justified extractions more difficult to achieve.27 

In that sense, this model helps us understand why regimes (or rulers in the broader 

sense) have been cautious of networks that facilitate communication among its citizens or 

subordinates. For example, Chwe (2002) reports that Hawaiian farmers hired workers who 

did not all speak the same language. Tilly (1997), discussed the Tudors’ effort to build a 

centralized English state, saying that they discouraged the cooperation of their dependents 

and tenants. In the worst moments of some Latin-American dictatorships, people were not 

allowed to join groups over a limited number of persons. Communist regimes took care to 

systematically preclude their citizens from gaining free access to communication devices 

such as radio transmitters, photocopiers, etc. This was also the case with the European 

colonialization method in Africa, where “on the one hand there was the legal state, as a 

racialized entity, under the control of the Europeans; on the other hand was the customary 

power of native power structures, as an ethnic/tribal identity. The unity of the former and 

the fragmentation of the latter were essential mechanisms of control under colonial 

administrations….” (Castells, 2000, p 106). 

Networks have been studied in several sciences. Strogatz (2001) and Newman 

(2002) explain that networks (from neural networks to food webs to semantic linkages) 

present several statistical similarities, among them “skewed degree distributions.” The 

                                                 
27 An anecdote from Chwe (2001) serves to illustrate how our model works. Chwe relates that in 1977, the 
Egyptian government announced an increase in the price of bread after 30 years of a frozen price, which 
provoked major riots and protests against the government. Eventually, the announced increment was 
rescinded, but loaves of bread were made smaller and were of lower quality. Although everybody noticed the 
change, it was not common knowledge since the government did not announce it. There were no 
disturbances. 
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degree of a node is the number of other nodes to which it is connected. Usually, there is a 

small positive number of nodes that exhibit very high degrees. 

The knowledge about networks can be useful in understanding political and 

economic issues using models such as the present one. For example, Barabasy (2002) 

explains how a network is immune to a relatively short number of random attacks. Because 

the degree distribution is skewed, the attacks directed against hubs could seriously affect 

network connectivity. In our model, this is not difficult to analyze if we give the ruler the 

opportunity to “shape” the network before the citizens’ move begins. A repressive regime 

could then try to eliminate people who are highly connected and, thus, by reducing 

network connectivity, it could increase its expected utility. There is, however, an 

alternative to treating the well-connected: cooptation, that is, to pay them a higher income. 

However, whether is better to eliminate or to co-opt a well connected agent is question of 

relative cost. 

 Another implication of this model is the emergence of economic inequality, not 

only between the ruler and the citizens, but also among the citizens, since the well 

connected are more likely to receive a bigger allocation. 

“The best common knowledge generator in the U.S. today is network television,” 

says Chwe (1998) in analyzing the role of the media in collective action. In fact, when a 

citizen learns news from TV, he not only knows it, but also knows it is common 

knowledge for a great number of people watching the same show. In our model, free media 

reporting on the distribution of wealth will make the emergence of a successful rent-

seeking regime impossible. However, if the government controls the media, citizens have 
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to rely on their own network to learn about the others’ situations, which makes wealth 

extraction possible. 

There is an emerging body of literature on the relationship between media and 

government (Besley and Prat, 2001, Djankov, S. et al, 2002). Although much of this work 

applies to electoral systems, the implications of our model are somewhat consistent with 

their results, showing that government ownership of media undermines political and 

economic freedom. 
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APPENDIX 1 

HOW TO CALCULATE { }( )nj

niijXP
..1

..1
ˆ =
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First note that { }( ) { }( )∏
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=

=

=
=
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j
niij

nj

niij XPXP
1

..1

..1

..1
ˆˆ , since the signal agents 1,2,.., s -1, s +1,.., n 

receive about sX are independent to the signal agents 1,2,.., j -1, j +1,.., n  receive about 

jsX j ≠, . Looking at { } 






= niijXP
..1

ˆ , it is clear that there could be a stochastic dependence 

among these signals, depending on ),( NΓ , thus, depending on the pathway the signals 

have traveled. Take for example the following network: 

 

 The probability of this realization of signals comes from j 28: { }tjrjsjkjzj XXXXX ˆ,ˆ,ˆ,ˆ,ˆ  

given lj qX = ,is: 

( )jtjrjsjkjzj XXXXXXP |ˆ,ˆ,ˆ,ˆ,ˆ = ( ) ( ) ( )kjtjsjjrjkjjzj XXXPXXXPXXP ˆ|ˆ,ˆ|ˆ,ˆ|ˆ = 
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)1(
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)1(
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Generalizing, we could classify the agents depending on its position with respect to j : 

 

                                                 
28  We are noting the event{ }tjtjrjrjsjsjkjkjzjzj qXqXqXqXqX ===== ˆ,ˆ,ˆ,ˆ,ˆ  where },{ 21 qqqab ∈  

is { }tjrjsjkjzj XXXXX ˆ,ˆ,ˆ,ˆ,ˆ . 
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1A  = the set of “terminal” agents. From these agents no player receives information about 

jX . 

{ }sfromXgetskAkNsA kj
ˆ:/ 12 ∈∃∈=  

:  

: 

{ }sfromXgetskAkNsA kjmm
ˆ:/ 1−∈∃∈=  

We can see that m< n and },..2,1,{ nlAl =  is a partition of }{\ jN . Note the geodesic 

going from i to j : 

};;,..,1;:,..,,{ 1113221 jkikhlkkkkkkkkG mllhhij ===Γ∈= ++  

And: 

U
n

i
ijj GG

1=

=  

Hence, iG  is the collection of all links that correspond to the geodesics going from j to 

every other agent in N. Using this notation and keeping in mind that signals travel 

across the networ k as Markov chains, we can write: 
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We note that },ˆ{ 1+∈= mjbj AbXX for },ˆ{ 1+∈ mbj AbX , completing the explicit definition 

of P(.). 
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APPENDIX 2 

Lemma 1. The necessary and sufficient condition for { }σω ∈=Ω∈= ikLXE ik ,;ˆ/  

common p-believed in E (i.e. EEC p =)( ) is ( ) ptkLXLXP ktk ≥∈== σ,;|ˆˆ . 

 The first step is to find )(EB p
i  for any σ∈i , using 

( ){ }pEPEB ii
p

i ≥ΨΩ∈= )(|/)( ωω . The only candidates that can be eleme nts of )(EBp
i  

are ω such that },ˆ/{)( σωω ∈∀=Ω∈=Ψ kLX iki . Because the probability i assigned to E 

only depends on the information i  receives, we only have two possibilities: 

)()( ωi
p
i EB Ψ=  or φ=)(EBp

i . This is true because any two element in an i  partition 

yields the same signals to i . Hence we can say: 

{ } ( ) ptitkLXLXLXPkLXEB iktkkiik
p

i ≥≠∈===⇔∈=Ω∈= ,,;ˆ|ˆ,;ˆ/)( σσω  

and ( ) ptitkLXLXLXPEB iktkki
p

i <≠∈===⇔= ,,;ˆ|ˆ,)( σφ  

Next, we calculate the conditional probability on the left side of this bi-conditional 

statement. Again, it will depend on the network structure and noise level:  

( ) ( )
( )σ

σ
σ

∈=
∈==

=≠∈===
kLXP

tkLXLXP
ittkLXLXLXP

iki

tkki
iktkki ;ˆ

,;ˆ,
,,;ˆ|ˆ,  

The expression in the denominator is not difficult to calculate: given our Laplacian 

priors and the stochastic independence of the signals originated in different agents, the 

probability that agent i receives f-1 signals  L is ( ) 12/1 −f . The numerator is calculated as 

follows: 

( ) ( ) ( )ikkLXPtkLXLXPtkLXLXP kiktktkki ≠∈=∈===∈== ,;,;|ˆˆ,;ˆ, σσσ   
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Again, the priors we have assumed tell us: ( ) ( ) 12/1,; −=≠∈= f
ki ikkLXP σ . On the other 

hand, ( )σ∈== tkLXLXP ktk ,;|ˆˆ ,which is the probability everyone in σ receives and L 

from everyone in σ , given that everyone in σ  has an endowment of Z- depending on the 

network structure ),( NΓ and on the noise level a−1 . We have dropped the sub index in 

that expression, because it is equal to every agent in σ 29, and added a hat to P because it is 

the same probability distribution we had explained in Appendix 1. The precise way to 

calculate such value could also be seen in the preceding examples. For now, we can write: 

( ) ( )σσ ∈===≠∈=== tkLXLXPittkLXLXLXP ktkiktkki ,;|ˆˆ,,;ˆ|ˆ,  

 Thus, if and only if the condition ( ) ptkZXZXP ktk ≥∈== σ,;|ˆˆ  holds, we can say 

{ }σω ∈=Ω∈=Ψ= kLXEEB iki
p

i ;ˆ/)()( . The reasoning is the same for all agents in σ , 

hence it is the necessary and sufficient condition to say  

{ } EikLXEBEB ik
i

i
i

p
i

p =∈=Ω∈=Ψ==
∈∈

σωω
σσ

,;ˆ/)()()( II  

and following to higher order beliefs:  

{ } EikLXEBB ik
pp =∈=Ω∈= σω ,;ˆ/)(...   

This completes the proof. 

                                                 
29 Note that every agent is receiving only “L” as signals fromσ . 
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APPENDIX 3 
 

We will explain the difference between proposition 1 and proposition 1’, which is 

the inequality:  
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This inequality comes from the condition for E to be common p-believed in E by 

following the proof of Lemma 1: 
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However, we need to take into account when the priors ratio does not equal 1. The 

denominator would be:  
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Meanwhile the numerator is: 
 

( ) { } { }∏
≠
∈

=∈===∈==

ik
k

kiktktkki LXPktLXLXPtkLXLXP
σ

σσ ,;|ˆ,;ˆ,  

Finally, we obtain: 
 

( )
( ) p

aa
tkLXLXP

ik
k

d
h

d
ktk

kiki
≥

+
∈==

∏
≠
∈σ

ρ
σ

1111

,;|ˆˆ
 

 



 

 

45 

 

 
BIBLIOGRAPHY 
ACEMOGLU, DARON  "Why Not A Political Coase Theorem? Social conflict, commitment and 
politics,”  Working Paper, Department of Economics, MIT, 2002. 
 
ACEMOGLU, DARON; JOHNSON, SIMON; ROBINSON, JAMES AND 
THAICHAROEN, YUNYONG. “Institutional Causes, Macroeconomic Symptoms: 
Volatility, Crises and Growth”, Journal of Monetary Economics, January 2003, volume 50, 
pp. 49-123 
 
ACEMOGLU, DARON AND ROBINSON, JAMES “Political Losers As a Barrier to 
Economic Development”, American Economic Review Papers and Proceedings, May 
2000, volume 90, pp. 126-130. 
 
ALESINA, ALBERTO ;  DEVLEESCHAUWER, ARNAUD ; ESTERLY, WILLIAM; KURLAT, 
SERGIO AND WACZIARG, ROMAIN. “Fractionalization,” Harvard Institute of Economic 
Research, Discussion Paper N. 1959,  June 2002. 
 
ALESINA, ALBERTO AND LA FERRARA, ELIANA. “Who Trust Others?” Journal of Public 
Economics, August 2002, 85(2), pp. 207-234.  
 
BALA, VENKATESH AND GOYAL, SANJEEV. “A Non Cooperative Model Of Network 
Formation,” Econometrica, September 2000, 68(5), pp. 1181-229. 
 
BARABÁSI, ALBERT-LÁSZLÓ. “Linked: The New Science of Networks,” Perseus Publishing, 
2002. 
 
BARDHAN, PRANAB. “Some Reflections On The Use Of The Concept Of Power In Economics,” 
in Development Policy and Economic Theory. Eds.: Basu, K. and Nayak, P.B. Delhi: Oxford 
University Press, 1992, pp. 65-72. 
 
BASU, KAUSHIK. “Prelude To Political Economy,” Oxford University Press, 2000. 
 
BESLEY, TIMOTHY. AND PRAT, ANDREA. “Handcuffs For The Grabbing Hand? Media 
Capture And Government Accountability,” Working Paper, London School of  Economics, 2001. 
 
BERGSTROM, THEODORE. “Evolution Of Social Behavior: Individual And Group Selection,” 
Journal of Economic Perspectives, Spring 2002, 16(2), pp. 67-88. 
 
BUSCH, LUTZ-ALEXANDER AND MUTHOO, ABHINAY “Power and Inefficient 
Institutions” , 2002, working paper. 
  
CASTELLS, MANUEL .“End Of Millennium,” Blackwell Publishers, 2nd edition, 2000.  
 
CHWE, MICHAEL “Culture, Circles, And Commercials - Publicity, Common Knowledge, And 
Social Coordination,” Rationality And Society , February 1998, 10 (1), pp. 47-75. 
 



 

 

46 

 

CHWE, MICHAEL. “Communication And Coordination In Social Networks,” Review of 
Economic Studies, January 2000, 67(1), pp. 1-16. 
 
COLLIER, PAUL AND GUNNING, WILLEM. “Why has Africa Grown Slowly?” Journal of 
Economic Perspectives , 13(3),  Summer  1999, pp. 3-22.  
 
DJANKOV, SIMEON ; MCLIESH, CARALEE ; NENOVA, TATIANA AND  SHLEIFER, 
ANDREI. “Who Owns The Media?” Forthcoming, Journal of Law and Economics, 2003. 
 
DOROGOVTSEV, SN AND MENDES, JFF. “Evolution Of Networks,” Advances in Physics , June 
2002, 51(4), pp. 1079-1187. 
  
EASTERLY, WILLIAM AND LEVINE, RICHARD “Africa’s Growth Tragedy: Policies and 
Ethnic Divisions,” Quarterly Journal of Economics, November 1997, 111( 4), pp. 1203-1250.  
 
ESMAN, MILTON AND RONALD HERRING, EDS. “Carrots, Sticks, and Ethnic Conflict,” The 
University of Michigan Press. (2000) 
 
MCGUIRE, MARTIN AND OLSON, MANCUR: “The Economics If Autocracy And Majority 
Rule: The Invisible Hand And The Use Of Force,” Journal of Economic Literature, March 1996, 
34(1), pp. 72-96. 
 
MONDERER, DOV AND SAMET, DOV. "Approximating Common Knowledge With Common 
Beliefs," Games and Economic Behavior , June 1989, 1(2), pp. 170-190.  
 
MORRIS, STEPHEN. “Approximate Common Knowledge Revisited,” CARESS Working Papers, 
Yale University, 1996. 
 
MORRIS, STEPHEN AND HYUN SONG SHIN. “Global Games: Theory And Applications,” 
CARESS Working Papers, Yale University, 2002.  
 
NEWMAN, M.E.J. “The Structure And Functions Of Networks,” Computer Physics 
Communications, August 2002, 147(1-2), pp. 40-45. 
 
NEWMAN, M.E.J; WATTS, D.J.  AND STROGATZ S.H.  “Random Graph Models Of Social 
Networks,” Proceedings Of The National Academy Of Sciences Of The United States Of America, 
February 2002, 99(1), pp. 2566-2572. 
 
OLIVER, P.E. “Formal Models Of Collective Action,”  Annual Review of Sociology,1993, 19, pp. 
271-300. 
 
OLSON, MANCUR. “The Logic Of Collective Action,” Cambridge, Harvard University Press, 
1965 
 
OLSON, MANCUR, “Dictatorship, Democracy and Development,” American Political Science 
Review, September 1993, 87(3), pp567-76. 
 
OLSON, MANCUR , “Power and Prosperity,” Basic Books, New York, 2000. 
 



 

 

47 

 

PARENTE, STEPHEN AND PRESCOTT, EDWARD. “Monopoly Rights: A Barrier to 
Riches”, American Economic Review,  December 1999, 89(5), pp. 1216-33. 
 
RODRIK, DANI AND SUBRAMANIAN, ARVIND. “The primacy of Institutions”, 
Finance and Development, June 2003. 
 
RUBINSTEIN, ARIEL, “The Electronic Mail Game: Strategic Behavior Under Complete 
Uncertainty,” American Economic Review,  79, pp385-91. 
 
SALA-I-MARTIN, XAVIER X. “I Just Ran Four Million Regressions”, National Bureau 
of Economic Research Working Paper N. 6252, 1997. 
 
STROGATZ, STEVEN  “Exploring Complex Networks”, Nature, March 2001, 410, pp. 268 – 276. 
 
 



 
NOTE DI LAVORO DELLA FONDAZIONE ENI ENRICO MATTEI 

Fondazione Eni Enrico Mattei Working Paper Series 
Our Note di Lavoro are available on the Internet at the following addresses: 

http://www.feem.it/Feem/Pub/Publications/WPapers/default.html 
http://www.ssrn.com/link/feem.html 

 
 
 

NOTE DI LAVORO PUBLISHED IN 2003 
   
PRIV 1.2003 Gabriella CHIESA and Giovanna NICODANO: Privatization and Financial Market Development: Theoretical 

Issues 
PRIV 2.2003 Ibolya SCHINDELE: Theory of Privatization in Eastern Europe: Literature Review 
PRIV 3.2003 Wietze LISE, Claudia KEMFERT and Richard S.J. TOL: Strategic Action in the Liberalised German Electricity 

Market 
CLIM 4.2003 Laura MARSILIANI and Thomas I. RENSTRÖM: Environmental Policy and Capital Movements: The Role of 

Government Commitment 
KNOW 5.2003 Reyer GERLAGH: Induced Technological Change under Technological Competition 
ETA 6.2003 Efrem CASTELNUOVO: Squeezing the Interest Rate Smoothing Weight with a Hybrid Expectations Model 
SIEV 7.2003 Anna ALBERINI, Alberto LONGO, Stefania TONIN, Francesco TROMBETTA and Margherita TURVANI: The 

Role of Liability, Regulation and Economic Incentives in Brownfield Remediation and Redevelopment: 
Evidence from Surveys of Developers 

NRM 8.2003 Elissaios PAPYRAKIS and Reyer GERLAGH: Natural Resources: A Blessing or a Curse? 
CLIM 9.2003 A. CAPARRÓS, J.-C. PEREAU and T. TAZDAÏT: North-South Climate Change Negotiations: a Sequential Game 

with Asymmetric Information 
KNOW 10.2003 Giorgio BRUNELLO and Daniele CHECCHI: School Quality and Family Background in Italy  
CLIM 11.2003 Efrem CASTELNUOVO and Marzio GALEOTTI: Learning By Doing vs Learning By Researching in a Model of 

Climate Change Policy Analysis 
KNOW 12.2003 Carole MAIGNAN, Gianmarco OTTAVIANO and Dino PINELLI (eds.): Economic Growth, Innovation, Cultural 

Diversity: What are we all talking about? A critical survey of the state-of-the-art 
KNOW 13.2003 Carole MAIGNAN, Gianmarco OTTAVIANO, Dino PINELLI and Francesco RULLANI (lix): Bio-Ecological 

Diversity vs. Socio-Economic Diversity. A Comparison of Existing Measures  
KNOW 14.2003 Maddy JANSSENS and Chris STEYAERT (lix): Theories of Diversity within Organisation Studies: Debates and 

Future Trajectories 
KNOW 15.2003 Tuzin BAYCAN LEVENT, Enno MASUREL and Peter NIJKAMP (lix): Diversity in Entrepreneurship: Ethnic and 

Female Roles in Urban Economic Life  
KNOW 16.2003 Alexandra BITUSIKOVA (lix): Post-Communist City on its Way from Grey to Colourful: The Case Study from 

Slovakia 
KNOW 17.2003 Billy E. VAUGHN and Katarina MLEKOV (lix): A Stage Model of Developing an Inclusive Community 
KNOW 18.2003 Selma van LONDEN and Arie de RUIJTER (lix): Managing Diversity in a Glocalizing World 
Coalition 
Theory 
Network 

19.2003 Sergio CURRARINI: On the Stability of Hierarchies in Games with Externalities 

PRIV 20.2003 Giacomo CALZOLARI and Alessandro PAVAN (lx): Monopoly with Resale 
PRIV 21.2003 Claudio MEZZETTI (lx): Auction Design with Interdependent Valuations: The Generalized Revelation 

Principle, Efficiency, Full Surplus Extraction and Information Acquisition 
PRIV 22.2003 Marco LiCalzi and Alessandro PAVAN (lx): Tilting the Supply Schedule to Enhance Competition in Uniform-

Price Auctions  
PRIV 23.2003 David ETTINGER (lx): Bidding among Friends and Enemies 
PRIV 24.2003 Hannu VARTIAINEN (lx): Auction Design without Commitment 
PRIV 25.2003 Matti KELOHARJU, Kjell G. NYBORG and Kristian RYDQVIST (lx): Strategic Behavior and Underpricing in 

Uniform Price Auctions: Evidence from Finnish Treasury Auctions 
PRIV 26.2003 Christine A. PARLOUR and Uday RAJAN (lx): Rationing in IPOs 
PRIV 27.2003 Kjell G. NYBORG and Ilya A. STREBULAEV (lx): Multiple Unit Auctions and Short Squeezes 
PRIV 28.2003 Anders LUNANDER and Jan-Eric NILSSON (lx): Taking the Lab to the Field: Experimental Tests of Alternative 

Mechanisms to Procure Multiple Contracts 
PRIV 29.2003 TangaMcDANIEL and Karsten NEUHOFF (lx): Use of Long-term Auctions for Network Investment  
PRIV 30.2003 Emiel MAASLAND and Sander ONDERSTAL (lx): Auctions with Financial Externalities 
ETA 31.2003 Michael FINUS and Bianca RUNDSHAGEN: A Non-cooperative Foundation of Core-Stability in Positive 

Externality NTU-Coalition Games  
KNOW 32.2003 Michele MORETTO: Competition and Irreversible Investments under Uncertainty_  
PRIV 33.2003 Philippe QUIRION: Relative Quotas: Correct Answer to Uncertainty or Case of Regulatory Capture? 
KNOW 34.2003 Giuseppe MEDA, Claudio PIGA and Donald SIEGEL: On the Relationship between R&D and Productivity: A 

Treatment Effect Analysis 
ETA 35.2003 Alessandra DEL BOCA, Marzio GALEOTTI and Paola ROTA: Non-convexities in the Adjustment of Different 

Capital Inputs: A Firm-level Investigation   



GG 36.2003 Matthieu GLACHANT: Voluntary Agreements under Endogenous Legislative Threats  
PRIV 37.2003 Narjess BOUBAKRI, Jean-Claude COSSET and Omrane GUEDHAMI: Postprivatization Corporate 

Governance: the Role of Ownership Structure and Investor Protection 
CLIM 38.2003 Rolf GOLOMBEK and Michael HOEL: Climate Policy under Technology Spillovers 
KNOW 39.2003 Slim BEN YOUSSEF: Transboundary Pollution, R&D Spillovers and International Trade 
CTN 40.2003 Carlo CARRARO and Carmen MARCHIORI: Endogenous Strategic Issue Linkage in International Negotiations 
KNOW 41.2003 Sonia OREFFICE: Abortion and Female Power in the Household: Evidence from Labor Supply 
KNOW 42.2003 Timo GOESCHL and Timothy SWANSON: On Biology and Technology: The Economics of Managing 

Biotechnologies 
ETA 43.2003 Giorgio BUSETTI and Matteo MANERA: STAR-GARCH Models for Stock Market Interactions in the Pacific 

Basin Region, Japan and US  
CLIM 44.2003 Katrin MILLOCK and Céline NAUGES: The French Tax on Air Pollution: Some Preliminary Results on its 

Effectiveness 
PRIV 45.2003 Bernardo BORTOLOTTI and Paolo PINOTTI: The Political Economy of Privatization 
SIEV 46.2003 Elbert DIJKGRAAF and Herman R.J. VOLLEBERGH: Burn or Bury? A Social Cost Comparison of Final Waste 

Disposal Methods 
ETA 47.2003 Jens HORBACH: Employment and Innovations in the Environmental Sector: Determinants and Econometrical 

Results for Germany 
CLIM 48.2003 Lori SNYDER, Nolan MILLER and Robert STAVINS: The Effects of Environmental Regulation on Technology 

Diffusion: The Case of Chlorine Manufacturing 
CLIM 49.2003 Lori SNYDER, Robert STAVINS and Alexander F. WAGNER: Private Options to Use Public Goods. Exploiting 

Revealed Preferences to Estimate Environmental Benefits 
CTN 50.2003 László Á. KÓCZY and Luc LAUWERS (lxi): The Minimal Dominant Set is a Non-Empty Core-Extension 

 
CTN 51.2003 Matthew O. JACKSON (lxi):Allocation Rules for Network Games 
CTN 52.2003 Ana MAULEON and Vincent VANNETELBOSCH (lxi): Farsightedness and Cautiousness in Coalition Formation
CTN 53.2003 Fernando VEGA-REDONDO (lxi): Building Up Social Capital in a Changing World: a network approach 
CTN 54.2003 Matthew HAAG and Roger LAGUNOFF (lxi): On the Size and Structure of Group Cooperation 
CTN 55.2003 Taiji FURUSAWA and Hideo KONISHI (lxi): Free Trade Networks 
CTN 56.2003 Halis Murat YILDIZ (lxi): National Versus International Mergers and Trade Liberalization 
CTN 57.2003  Santiago RUBIO and Alistair ULPH (lxi): An Infinite-Horizon Model of Dynamic Membership of International 

Environmental Agreements 
KNOW 58.2003 Carole MAIGNAN, Dino PINELLI and Gianmarco I.P. OTTAVIANO: ICT, Clusters and Regional Cohesion: A 

Summary of Theoretical and Empirical Research 
KNOW 59.2003  Giorgio BELLETTINI and Gianmarco I.P. OTTAVIANO: Special Interests and Technological Change 
ETA 60.2003 Ronnie SCHÖB: The Double Dividend Hypothesis of Environmental Taxes: A Survey 
CLIM 61.2003 Michael FINUS, Ekko van IERLAND and Robert DELLINK: Stability of Climate Coalitions in a Cartel 

Formation Game 
GG 62.2003 Michael FINUS and Bianca RUNDSHAGEN: How the Rules of Coalition Formation Affect Stability of 

International Environmental Agreements 
SIEV 63.2003 Alberto PETRUCCI: Taxing Land Rent in an Open Economy 
CLIM 64.2003 Joseph E. ALDY, Scott BARRETT and Robert N. STAVINS: Thirteen Plus One: A Comparison of Global Climate 

Policy Architectures 
SIEV 65.2003 Edi DEFRANCESCO: The Beginning of Organic Fish Farming in Italy 
SIEV 66.2003 Klaus CONRAD: Price Competition and Product Differentiation when Consumers Care for the Environment 
SIEV 67.2003 Paulo A.L.D. NUNES, Luca ROSSETTO, Arianne DE BLAEIJ: Monetary Value Assessment of Clam Fishing 

Management Practices in the Venice Lagoon: Results from a Stated Choice Exercise 
CLIM 68.2003 ZhongXiang ZHANG: Open Trade with the U.S. Without Compromising Canada’s Ability to Comply with its 

Kyoto Target  
KNOW 69.2003 David FRANTZ (lix): Lorenzo Market between Diversity and Mutation 
KNOW 70.2003 Ercole SORI (lix): Mapping Diversity in Social History 
KNOW 71.2003 Ljiljana DERU SIMIC (lxii): What is Specific about Art/Cultural Projects? 
KNOW 72.2003 Natalya V. TARANOVA (lxii):The Role of the City in Fostering Intergroup Communication in a Multicultural 

Environment: Saint-Petersburg’s Case  
KNOW 73.2003 Kristine CRANE (lxii): The City as an Arena for the Expression of Multiple Identities in the Age of 

Globalisation and Migration 
KNOW 74.2003 Kazuma MATOBA (lxii): Glocal Dialogue- Transformation through Transcultural Communication 
KNOW 75.2003 Catarina REIS OLIVEIRA (lxii): Immigrants’ Entrepreneurial Opportunities: The Case of the Chinese in 

Portugal 
KNOW 76.2003 Sandra WALLMAN (lxii): The Diversity of Diversity - towards a typology of urban systems 
KNOW 77.2003 Richard PEARCE (lxii): A Biologist’s View of Individual Cultural Identity for the Study of Cities 
KNOW 78.2003 Vincent MERK (lxii): Communication Across Cultures: from Cultural Awareness to Reconciliation of the 

Dilemmas 
KNOW 79.2003 Giorgio BELLETTINI, Carlotta BERTI CERONI and Gianmarco I.P.OTTAVIANO: Child Labor and Resistance 

to Change  
ETA 80.2003 Michele MORETTO, Paolo M. PANTEGHINI and Carlo SCARPA: Investment Size and Firm’s Value under 

Profit Sharing Regulation 



IEM 81.2003 Alessandro LANZA, Matteo MANERA and Massimo GIOVANNINI: Oil and Product Dynamics in International 
Petroleum Markets 

CLIM 82.2003 Y. Hossein FARZIN and Jinhua ZHAO: Pollution Abatement Investment When Firms Lobby Against 
Environmental Regulation 

CLIM 83.2003 Giuseppe DI VITA: Is the Discount Rate Relevant in Explaining the Environmental Kuznets Curve? 
CLIM 84.2003 Reyer GERLAGH and Wietze LISE: Induced Technological Change Under Carbon Taxes 
NRM 85.2003 Rinaldo BRAU, Alessandro LANZA and Francesco PIGLIARU: How Fast are the Tourism Countries Growing? 

The cross-country evidence 
KNOW 86.2003 Elena BELLINI, Gianmarco I.P. OTTAVIANO and Dino PINELLI: The ICT Revolution: opportunities and risks 

for the Mezzogiorno 
SIEV 87.2003 Lucas BRETSCGHER and Sjak SMULDERS: Sustainability and Substitution of Exhaustible Natural Resources. 

How resource prices affect long-term R&D investments 
CLIM 88.2003 Johan EYCKMANS and Michael FINUS: New Roads to International Environmental Agreements: The Case of 

Global Warming 
CLIM 89.2003 Marzio GALEOTTI: Economic Development and Environmental Protection 
CLIM 90.2003 Marzio GALEOTTI: Environment and Economic Growth: Is Technical Change the Key to Decoupling? 
CLIM 91.2003 Marzio GALEOTTI and Barbara BUCHNER: Climate Policy and Economic Growth in Developing Countries 
IEM 92.2003 A. MARKANDYA, A. GOLUB and E. STRUKOVA: The Influence of Climate Change Considerations on Energy 

Policy: The Case of Russia 
ETA 93.2003 Andrea BELTRATTI: Socially Responsible Investment in General Equilibrium 
CTN 94.2003 Parkash CHANDER: The γ-Core and Coalition Formation  
IEM 95.2003 Matteo MANERA and Angelo MARZULLO: Modelling the Load Curve of Aggregate Electricity Consumption 

Using Principal Components 
IEM 96.2003 Alessandro LANZA, Matteo MANERA, Margherita GRASSO and Massimo GIOVANNINI: Long-run Models of 

Oil Stock Prices 
CTN 97.2003 Steven J. BRAMS, Michael A.  JONES, and D. Marc KILGOUR: Forming Stable Coalitions: The Process 

Matters 
KNOW 98.2003 John CROWLEY, Marie-Cecile NAVES (lxiii): Anti-Racist Policies in France. From Ideological and Historical 

Schemes to Socio-Political Realities 
KNOW 99.2003 Richard THOMPSON FORD (lxiii): Cultural Rights and Civic Virtue  
KNOW 100.2003 Alaknanda PATEL (lxiii): Cultural Diversity and Conflict in Multicultural Cities 
KNOW 101.2003 David MAY (lxiii): The Struggle of Becoming Established in a Deprived Inner-City Neighbourhood 
KNOW 102.2003 Sébastien ARCAND, Danielle JUTEAU, Sirma BILGE, and Francine LEMIRE (lxiii) : Municipal Reform on the 

Island of Montreal: Tensions Between Two Majority Groups in a Multicultural City 
CLIM 103.2003 Barbara BUCHNER and Carlo CARRARO: China and the Evolution of the Present Climate Regime 
CLIM 104.2003 Barbara BUCHNER and Carlo CARRARO: Emissions Trading Regimes and Incentives to Participate in 

International Climate Agreements 
CLIM 105.2003 Anil MARKANDYA and Dirk T.G. RÜBBELKE: Ancillary Benefits of Climate Policy 
NRM 106.2003 Anne Sophie CRÉPIN (lxiv): Management Challenges for Multiple-Species Boreal Forests 
NRM 107.2003 Anne Sophie CRÉPIN (lxiv): Threshold Effects in Coral Reef  Fisheries 
SIEV 108.2003 Sara ANIYAR ( lxiv): Estimating the Value of Oil Capital in a Small Open Economy: The Venezuela’s Example 
SIEV 109.2003 Kenneth ARROW, Partha DASGUPTA and Karl-Göran MÄLER(lxiv): Evaluating Projects and Assessing 

Sustainable Development in Imperfect Economies 
NRM 110.2003 Anastasios XEPAPADEAS and Catarina ROSETA-PALMA(lxiv): Instabilities and Robust Control in  Fisheries  
NRM 111.2003 Charles PERRINGS and Brian WALKER (lxiv): Conservation and Optimal Use of Rangelands 
ETA 112.2003 Jack GOODY (lxiv): Globalisation, Population and Ecology 
CTN 113.2003 Carlo CARRARO, Carmen MARCHIORI and Sonia OREFFICE: Endogenous Minimum Participation in 

International Environmental Treaties 
CTN 114.2003 Guillaume HAERINGER and Myrna WOODERS: Decentralized Job Matching 
CTN 115.2003 Hideo KONISHI and M. Utku UNVER: Credible Group Stability in Multi-Partner Matching Problems 
CTN 116.2003 Somdeb LAHIRI: Stable Matchings for the Room-Mates Problem 
CTN 117.2003 Somdeb LAHIRI: Stable Matchings for a Generalized Marriage Problem 
CTN 118.2003 Marita LAUKKANEN: Transboundary Fisheries Management under Implementation Uncertainty 
CTN 119.2003 Edward CARTWRIGHT and Myrna WOODERS: Social Conformity and Bounded Rationality in Arbitrary 

Games with Incomplete Information: Some First Results 
CTN 120.2003 Gianluigi VERNASCA: Dynamic Price Competition with Price Adjustment Costs and Product Differentiation 
CTN 121.2003 Myrna WOODERS, Edward CARTWRIGHT and Reinhard SELTEN: Social Conformity in Games with Many 

Players 
CTN 122.2003 Edward CARTWRIGHT and Myrna WOODERS: On Equilibrium in Pure Strategies in Games with Many Players
CTN 123.2003 Edward CARTWRIGHT and Myrna WOODERS: Conformity and Bounded Rationality in Games with Many 

Players 
 1000 Carlo CARRARO, Alessandro LANZA and Valeria PAPPONETTI: One Thousand Working Papers 



 
NOTE DI LAVORO PUBLISHED IN 2004 

IEM 1.2004 Anil MARKANDYA, Suzette PEDROSO and Alexander GOLUB:  Empirical Analysis of National Income and 
So2 Emissions in Selected European Countries 

ETA 2.2004 Masahisa FUJITA and Shlomo WEBER: Strategic Immigration Policies and Welfare in Heterogeneous Countries
PRA 3.2004 Adolfo DI CARLUCCIO, Giovanni FERRI, Cecilia FRALE and Ottavio RICCHI: Do Privatizations Boost 

Household Shareholding? Evidence from Italy 
ETA 4.2004 Victor GINSBURGH and Shlomo WEBER: Languages Disenfranchisement in the European Union 
ETA 5.2004 Romano PIRAS: Growth, Congestion of Public Goods, and Second-Best Optimal Policy 
CCMP 6.2004 Herman R.J. VOLLEBERGH: Lessons from the Polder: Is Dutch CO2-Taxation Optimal 
PRA 7.2004 Sandro BRUSCO, Giuseppe LOPOMO and S. VISWANATHAN (lxv): Merger Mechanisms 
PRA 8.2004 Wolfgang AUSSENEGG, Pegaret PICHLER and Alex STOMPER (lxv): IPO Pricing with Bookbuilding, and a 

When-Issued Market  
PRA 9.2004 Pegaret PICHLER and Alex STOMPER (lxv): Primary Market Design: Direct Mechanisms and Markets 
PRA 10.2004 Florian ENGLMAIER, Pablo GUILLEN, Loreto LLORENTE, Sander ONDERSTAL and Rupert SAUSGRUBER 

(lxv): The Chopstick Auction: A Study of the Exposure Problem in Multi-Unit Auctions 
PRA 11.2004 Bjarne BRENDSTRUP and Harry J. PAARSCH (lxv): Nonparametric Identification and Estimation of Multi-

Unit, Sequential, Oral, Ascending-Price Auctions With Asymmetric Bidders 
PRA 12.2004 Ohad KADAN (lxv): Equilibrium in the Two Player, k-Double Auction with Affiliated Private Values  
PRA 13.2004 Maarten C.W. JANSSEN (lxv): Auctions as Coordination Devices 
PRA 14.2004 Gadi FIBICH, Arieh GAVIOUS and Aner SELA (lxv): All-Pay Auctions with Weakly Risk-Averse Buyers 
PRA 15.2004 Orly SADE, Charles SCHNITZLEIN and Jaime F. ZENDER (lxv): Competition and Cooperation in Divisible 

Good Auctions: An Experimental Examination 
PRA 16.2004 Marta STRYSZOWSKA (lxv): Late and Multiple Bidding in Competing Second Price Internet Auctions 
CCMP 17.2004 Slim Ben YOUSSEF: R&D in Cleaner Technology and International Trade 
NRM 18.2004 Angelo ANTOCI, Simone BORGHESI and Paolo RUSSU (lxvi): Biodiversity and Economic Growth: 

Stabilization Versus Preservation of the Ecological Dynamics 
SIEV 19.2004 Anna ALBERINI, Paolo ROSATO, Alberto LONGO  and Valentina ZANATTA: Information and Willingness to 

Pay in a Contingent Valuation Study: The Value of S. Erasmo in the Lagoon of Venice 
NRM 20.2004 Guido CANDELA and Roberto CELLINI (lxvii): Investment in Tourism Market: A Dynamic Model of  

Differentiated Oligopoly 
NRM 21.2004 Jacqueline M. HAMILTON (lxvii): Climate and the Destination Choice of German Tourists 
NRM 22.2004 Javier Rey-MAQUIEIRA PALMER, Javier LOZANO IBÁÑEZ  and Carlos Mario GÓMEZ GÓMEZ (lxvii): 

Land, Environmental Externalities and Tourism Development 
NRM 23.2004 Pius ODUNGA and Henk FOLMER (lxvii): Profiling Tourists for Balanced Utilization of Tourism-Based 

Resources in Kenya 
NRM 24.2004 Jean-Jacques NOWAK, Mondher SAHLI and Pasquale M. SGRO (lxvii):Tourism, Trade and Domestic Welfare 
NRM 25.2004 Riaz SHAREEF (lxvii): Country Risk Ratings of Small Island Tourism Economies 
NRM 26.2004 Juan Luis Eugenio-MARTÍN, Noelia MARTÍN MORALES and Riccardo SCARPA (lxvii): Tourism and 

Economic Growth in Latin American Countries: A Panel Data Approach 
NRM 27.2004 Raúl Hernández MARTÍN (lxvii): Impact of Tourism Consumption on GDP. The Role of Imports  
CSRM 28.2004 Nicoletta FERRO: Cross-Country Ethical Dilemmas in Business, a Descriptive Framework 
NRM 29.2004 Marian WEBER (lxvi): Assessing the Effectiveness of Tradable Landuse Rights for Biodiversity Conservation: 

an Application to Canada's Boreal Mixedwood Forest 
NRM 30.2004 Trond BJORNDAL, Phoebe KOUNDOURI and Sean PASCOE (lxvi): Output Substitution in Multi-Species 

Trawl Fisheries: Implications for Quota Setting 
CCMP 31.2004 Marzio GALEOTTI, Alessandra GORIA, Paolo MOMBRINI and Evi SPANTIDAKI: Weather Impacts on 

Natural, Social and Economic System (WISE) Part I: Sectoral Analysis of Climate Impacts in Italy 
CCMP 32.2004 Marzio GALEOTTI, Alessandra GORIA ,Paolo MOMBRINI and Evi SPANTIDAKI: Weather Impacts on 

Natural, Social and Economic System (WISE) Part II: Individual Perception of Climate Extremes in Italy 
CTN 33.2004 Wilson PEREZ: Divide and Conquer: Noisy Communication in Networks, Power, and Wealth Distribution 

 



 
 
 

(lix) This paper was presented at the ENGIME Workshop on “Mapping Diversity”, Leuven, May 16-
17, 2002   
(lx) This paper was presented at the EuroConference on “Auctions and Market Design: Theory, 
Evidence and Applications”, organised by the Fondazione Eni Enrico Mattei, Milan, September 26-
28, 2002 
(lxi) This paper was presented at the Eighth Meeting of the Coalition Theory Network organised by 
the GREQAM, Aix-en-Provence, France, January 24-25, 2003    
(lxii) This paper was presented at the ENGIME Workshop on “Communication across Cultures in 
Multicultural Cities”, The Hague, November 7-8, 2002 
(lxiii) This paper was presented at the ENGIME Workshop on “Social dynamics and conflicts in 
multicultural cities”, Milan, March 20-21, 2003 
(lxiv) This paper was presented at the International Conference on “Theoretical Topics in Ecological 
Economics”, organised by the Abdus Salam International Centre for Theoretical Physics - ICTP, the 
Beijer International Institute of Ecological Economics, and Fondazione Eni Enrico Mattei – FEEM 
Trieste, February 10-21, 2003 
(lxv) This paper was presented at the EuroConference on “Auctions and Market Design: Theory, 
Evidence and Applications” organised by Fondazione Eni Enrico Mattei and sponsored by the EU, 
Milan, September 25-27, 2003 
(lxvi) This paper has been presented at the 4th BioEcon Workshop on “Economic Analysis of 
Policies for Biodiversity Conservation” organised on behalf of the BIOECON Network by 
Fondazione Eni Enrico Mattei, Venice International University (VIU) and University College London 
(UCL) , Venice, August 28-29, 2003 
(lxvii) This paper has been presented at the international conference on “Tourism and Sustainable 
Economic Development – Macro and Micro Economic Issues” jointly organised by CRENoS 
(Università di Cagliari e Sassari, Italy) and Fondazione Eni Enrico Mattei, and supported by the 
World Bank, Sardinia, September 19-20, 2003 

 



 
 
 

 2003 SERIES 

  CLIM Climate Change Modelling and Policy  (Editor: Marzio Galeotti ) 

  GG Global Governance (Editor: Carlo Carraro) 

  SIEV Sustainability Indicators and Environmental Valuation (Editor: Anna Alberini) 

  NRM Natural Resources Management  (Editor: Carlo Giupponi) 

  KNOW Knowledge, Technology, Human Capital  (Editor: Gianmarco Ottaviano) 

  IEM International Energy Markets (Editor: Anil Markandya) 

  CSRM Corporate Social Responsibility and Management (Editor: Sabina Ratti) 

  PRIV Privatisation, Regulation, Antitrust (Editor: Bernardo Bortolotti) 

  ETA Economic Theory and Applications (Editor: Carlo Carraro) 

  CTN Coalition Theory Network 
 
 
 

 2004 SERIES 

  CCMP Climate Change Modelling and Policy  (Editor: Marzio Galeotti ) 

  GG Global Governance (Editor: Carlo Carraro) 

  SIEV Sustainability Indicators and Environmental Valuation (Editor: Anna Alberini) 

  NRM Natural Resources Management  (Editor: Carlo Giupponi) 

  KTHC Knowledge, Technology, Human Capital  (Editor: Gianmarco Ottaviano) 

  IEM International Energy Markets (Editor: Anil Markandya) 

  CSRM Corporate Social Responsibility and Management (Editor: Sabina Ratti) 

  PRA Privatisation, Regulation, Antitrust (Editor: Bernardo Bortolotti) 

  ETA Economic Theory and Applications (Editor: Carlo Carraro) 

  CTN Coalition Theory Network 
 


