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Abstract

Social scientists and political philosophers widely believe that the foundations of po-
litical order rest upon the existence of a sovereign agent with a monopoly of coercive
force. Statelessness is understood to be a bane for peace and, as a consequence, sub-
sequent development. In this paper we develop a formal model of state formation and
show that whenever it is possible to construct a peaceful political order based upon a
monopoly of force, it is also possible to construct one where multiple agents maintain
coercive abilities. What is more, we show that peaceful orders with multiple violence
specialists are, in general, more efficient than peaceful orders with a single violence spe-
cialist. The welfare-maximizing peaceful political order—one where no agent invests
in coercive abilities—can only exist under implausible conditions. Finally, we describe
conditions where peaceful political order is inefficient when compared to orders that
admit conflict with positive probability.
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1 Introduction

Apologists for the state’s monopoly of coercive force like Hobbes and Locke understand a
sovereign agent to be the necessary solution to the problem of order (Locke 1988; Hobbes
1994). This sentiment is echoed, near ubiquitously, in contemporary scholarship on the
political economy of development where statelessness is viewed as anathema to growth,
security, and the protection of human rights (Olson 1993, 2000; Bates 2008; Besley and
Persson 2011; Boix 2015). From this perspective, peace brought about by the construction
of a monopoly of force is a precondition for subsequent development.

Contrary to this conventional wisdom, we develop a formal model of state formation
that shows that a monopoly of violence is, in economic terms, an inefficient solution to the
problem of order. For any monopoly of violence that preserves peace, we can identify an
alternative political arrangement that preserves peace at a lower cost wherein multiple agents
maintain the ability to produce violence. While we find that political order based upon a
monopoly of force is socially inefficient, we also find no backing for the Utopian-anarchist
vision of order based on strictly voluntary association (Stirner 1995; Goldman 1969; Hayek
2014). Except under implausibly extreme conditions, peace can only be maintained in the
shadow of coercion, requiring agents to make positive investments in the ability to produce
violence.! Finally, we describe conditions under which peaceful political order is inefficient,
as the investment in coercion required to deter any chance of conflict would be too expensive
relative to the cost of a violence with some positive probability.

Our game begins in anarchy, where there is no third party to enforce property rights and
each player can use force to appropriate others’ wealth. We examine the ability of these
actors to construct institutions as “formal rules of the game” (North 1990, p. 3) with two

characteristics. First, we want to know when agents in an institution-free society can develop

Tn this way our result provides support for Taylor’s (1982) notion of “pure” anarchy,

where force is distributed across all actors.



rules that prevent the use of violence. Second, we seek to understand when these rules are
self-enforcing. In other words, in an environment where agents can always resort to violence
and can potentially flee the imposition of political order, we want to know when it is in the
individual interests of each agent to participate in the institution and refrain from violence.

We characterize the political and economic conditions necessary to sustain various forms
of peaceful political order, obtaining four key results. The first concerns the possibility of
a peaceful state of nature, in which each agent prefers to refrain from appropriation even if
she expects the other not to invest at all in coercive abilities. From an efficiency standpoint,
this is the ideal form of political order. However, we find that a peaceful state of nature is
sustainable as an equilibrium only if the expected costs of conflict exceed the total value of
the players’ initial wealth, a stringent and implausible condition. As a consequence, we also
look for self-enforcing political institutions that prevent all violence but whose participants
nevertheless make costly investments in coercive abilities.

Our second result follows—if a peaceful state of nature is unsustainable, then it is easier
to sustain peace by having multiple agents maintain coercive abilities than by concentrating
all ability to produce violence in a single actor. We contrast a monopoly of violence, in
which a single actor maintains coercive capabilities, with a balance of power, in which all
agents invest in coercion. The main condition for either type of order to be sustainable is
that the fixed cost of violent conflict must be great enough (though not as implausibly high
as is required to support a peaceful state of nature). However, this cost condition is more
stringent for a monopoly of violence than for a balance of power; if the costs of conflict are
moderate, it may be possible to sustain peace through a balance of power but not through
a monopoly of violence. Moreover, a monopoly of violence requires the monopolist to have
a sufficient advantage in initial wealth or coercive capabilities, whereas no such conditions
are necessary for a balance of power.

Our third key result is that a peaceful balance of power requires strictly less investment

in coercion than a peaceful monopoly of violence. Combined with the previous result, this



means that not only can a balance of power produce peace under a broader set of structural
conditions, but that it does so at a lower cost. However, we identify an important tension
between social and individual incentives here: an individual player can extract more as a
monopolist than that player would receive from any balanced arrangement of order. Thus,
our final key result is that if it were left up to a single player to design a political institution
to preserve peace, she would choose a monopoly of violence—one that is inefficient relative
to not only a balance of power, but also the most efficient monopoly of violence. In this
way we highlight how social efficiency and individual incentives cut hard against each other
in the construction of order. Monopolies of violence allow sovereign agents to extract rents
proportional to their ability to coerce, resulting in a wasteful over-investment in force. In
other words, monopolies of violence engender monopoly rents.

While our main results concern peaceful orders, we also examine institutional arrange-
ments in which conflict sometimes occurs. Of course, when the fixed costs of conflict are
low enough, even a balance of power cannot sustain peace, and any political equilibrium will
entail a chance of violence. However, even when institutions that preserve peace would be
sustainable, they may not be economically efficient relative to institutions that allow for a
positive probability of violent conflict. The cost imposed by investing sufficiently in coercion
to deter all violence may outweigh the costs of admitting occasional conflict.

Finally, we highlight the relationship between the ability of agents to “exit” in the sense
of Hirschman (1970) and the economic efficiency of political orders. In an extension we give
both agents the ability to unilaterally escape interaction at a cost. The effects of introducing
exit are mixed with respect to social welfare. On the one hand, we show that when a
monopoly of violence exists with an exit option, it is even more inefficient than in a world
without exit. On the other hand, if agents have the ability to flee, it becomes more difficult

to sustain a monopoly of violence in the first place.? As a consequence, the ability of flee

2Substantively, this result comports with empirical findings indicating that the relative

appropriability of economic output is a crucial determinant of hierarchy (Allen 1997; Sanchez



may be a boon to social welfare, insofar as it discourages extractive monopolistic political
orders.

Our approach to studying the construction of political order combines insight from theo-
retical literature that spans anthropology, political science, and economics. Broadly, existing
theories understand the political order as an outcome of one of two social processes: coop-
erative bargaining or the coercive domination of some (typically the strong) upon others
(typically the weak).

Proponents of wvoluntaristic theories conjecture that at some point in history, certain
groups rationally and voluntarily constructed institutions to limit their behavior in order to
purposefully achieve mutually beneficial outcomes. In their earliest form, theories of this sort
take on a contractarian flavor.® In more recent incarnations, however, voluntaristic theories
view institutions like the state as a response to market failures or collective action prob-
lems, arising deliberately to allow individuals and groups to coordinate their actions and
achieve gains from cooperation (Childe 1946; Steward 1955; Gunawardana 1981; Ostrom
1990; Blanton and Fargher 2007). In the most famous of these contemporary voluntaristic
theories, Wittfogel postulates the “hydraulic hypothesis” that states emerged when small
communities abandoned individual autonomy to form a single political unit capable of co-
ordinating large-scale irrigation projects (Wittfogel 1956, 1981). In other words, because of
the economic gains that result from its presence, the state emerged functionally.

A second set of conquest theories treat political order as the outcome of violent conflict

between groups.? Rather than viewing political institutions as emerging explicitly to obtain

de la Sierra 2017; Scott 2017; Mayshar et al. 2018).
3The most prominent example being Rousseau (2002)[1762].
YThe earliest theories of this sort follow from Khaldin (1958)[1377] and Bodin

(1955)[1583]. Among modern scholars, Engels (2010)[1884], building on the anthropolog-
ical work of Morgan (1907), was among the first to elucidate a conquest theory of state

formation.



economic gains, in these theories complex hierarchies comes into existence when those who
are superior at producing violence enforce order through domination (Gumplowicz 1902;
Oppenheimer 1922; Webster 1975; Naroll and Divale 1976; Cohen 1984). Here, any positive
economic outcome that results from political order is ancillary to the conflictual processes
that drive the state’s construction. Classical sociologists like Oppenheimer, for example,
assert that states came into existence when productive agriculturalists were conquered by
nomadic pastoralists (Oppenheimer 1922, T I, pp. 51-55), a sentiment that is echoed by
prominent political economy models (Olson 1993, 2000; Boix 2015).

Besides the standard critiques of functionalism, a clear problem with purely voluntaris-
tic theories is that they disregard the violence that undergirds political order. And yet a
purely coercive theory based upon the continued domination of one group over the other is
similarly untenable. We rarely observe political order where violence is overt. Even in the
most dictatorial environments, everyday coercion is latent; the application of violent force is
unobserved. Our analysis combines features of both voluntaristic and coercive theories. Our
approach allows us to know when actors, in the shadow of threatened violence, can construct
institutions that preserve peaceful order by assigning payoffs reflective of actors’ abilities to
coerce.

Existing formal models typically treat the construction of political order in one of two
ways. The first fixes a game form and sees the emergence of state-like institutions as an
equilibrium to this predefined game (Skaperdas 1992; Calvert 1995, 1998; Hirshleifer 1995;
Hafer 2006; Piccione and Rubinstein 2007; Mayshar, Moav and Neeman 2017). The second
approach takes a set of games, often one describing a state and another characterized as
anarchy, and makes welfare comparisons between them, allowing a planner or decisive actor to
choose between them (Moselle and Polak 2001; Grossman 2002; Konrad and Skaperdas 2012).
Our approach combines the self-enforcing features of the “institutions as an equilibrium”
approach with the understanding of institutions as formal rules as in the “institutions as

constraints” approach. That is, we want to know when it is possible for agents in a state



of nature to construct a rule that solves the problem of order as long as the agents commit
to following that rule. We then can make welfare comparisons between sets of feasible
institutions.

A key facet of strategic interaction in anarchy motivating our approach is that individual
actors may be unable to observe each other’s coercive capabilities (Fearon 1995; Slantchev
2003). Mutual uncertainty makes it expensive to preserve peace. In particular, a peaceful
institution must assure each player at least as much as she could expect from conflict if her
privately known strength were as great as possible (Fey and Ramsay 2011, Result 3). Small
groups with the ability to perfectly monitor each others’ abilities and payoffs via informal
social mechanisms may be able to preserve peace in the absence of the kind of formal political
institutions we seek to understand.® For groups that cannot rely upon informal monitoring
to reduce informational asymmetries, political institutions must endow each actor such that
even the most powerful have no incentive to exercise their coercive advantage. We find
that uncertainty hinders the sustainability of peaceful political order, which comports with
recent empirical research showing that information about citizens is a key determinant of
state capacity (Lee and Zhang 2017).

Our results relate to a small but growing empirical literature that questions the relative
efficiency and positive welfare implications of early states. A wide range of anthropological
and archaeological evidence has found that the transition from unordered, small-scale soci-
eties, to centralized states was accompanied by a reduction in human welfare (Cohen 1989;
Larsen 1995; Edgerton 2010). Because of the harm brought about by centralized authority,
Scott (2017) notes that the process of state formation must have required a violent and
coercive effort on the part of state-makers. Our model produces a micro-foundation for this
conjecture: concentration of coercive power in a single actor produces social welfare losses,
and the monopolist has an incentive to over-invest in coercion in order to extract as much

as possible from subjects.

®See Ostrom (1990) on the centrality of monitoring mechanisms in obtaining cooperation.



Similarly, our model helps us understand why alternative forms of political organization
like leagues of city-states and loosely confederated feudal empires persisted through the
end of the eighteenth century (Spruyt 1994; Abramson 2017). Our model suggests that
because these institutional arrangements assured diffuse coercive capabilities, they benefited
materially relative to unified territorial states. Epstein (2002), makes a similar argument
to ours. In his view the feudal constitution, with its diffuse set of freedoms and liberties,
was crucial in explaining patterns of pre-modern economic development. In centralized
territorial states, the unimpeded ability of the crown to tax left property rights unprotected.
By contrast in feudal states, where de jure and de facto power was dispersed across many

actors, property rights were comparatively well protected.

2 Model

The model consists of an interaction between two political actors representing individuals or
self-organized political groups.® The actors may have an incentive to violently appropriate
each other’s wealth. We describe the conditions under which there is an institutional frame-
work that averts conflict and characterize the institution that requires the lowest investment
in coercion.

There are two players, player 1 and player 2.7 At the outset, each actor’s share of the
society’s total wealth is y; > 0, where y; + yo = 1. Before the two players interact with each
other, each chooses an investment in coercive abilities, m;, where 0 < m; < y;. Investing
resources to produce coercive capacity increases a player’s chances of winning in case conflict
occurs but reduces the amount of wealth available for eventual consumption. That is, the

more resources a player invests for violent ends, the less she can devote to productive ends.

In the Appendix, we extend the model to allow for N > 2 symmetric players and find

that our main efficiency result holds up.

"We denote arbitrary players i and j.



Let M; = [0, y;] denote the set of feasible investment levels for each player.

In the model, the two players invest in force simultaneously.® After each player has chosen
her own investment, m;, she observes the other player’s choice, m;. At this point, each player
simultaneously chooses whether to participate in a peaceful institution—the nature of which
we describe below—or to opt for conflict instead. Let w; denote each player’s decision at
this stage, where w; = 1 represents conflict and w; = 0 represents participation in the
institution. Conflict occurs if either player chooses w; = 1; the institution prevails only if
w; = wy = 0. By assuming both players must opt in for the institution to prevail, our
analysis characterizes institutions that are not only collectively beneficial, but give each
player an individual incentive to opt for peace over conflict.

An institution in our model is simply a scheme for dividing wealth, depending on how
much is left over after the players’ coercive investments. In the model, an institution is a
pair of functions, Vi (mq, ms) and Vo(my, ms), which represent how much wealth each player
receives in case neither opts for conflict. We assume throughout that institutions are not
wasteful, so Vi (my, ms) + Va(my,ma) =1 —mq — my.?

In this setting, all an institution does is redistribute wealth. This is, of course, a
simplification—but one that sets a useful baseline for thinking about the conditions that
enable actors in a state of nature to forego conflict. Similar to results in the literature on
mechanism design, our analysis identifies the necessary structural conditions that allow for
any more rich institutional framework that produces peace (Myerson 1979; Fey and Ramsay
2009). That is, we solve for the conditions that enable any more complicated set of rules
that result in a particular distributive outcome. By introducing additional benefits of insti-

tutions to the model, such as the reduction of transaction costs or the promotion of economic

8This need not be literally simultaneous; what is important is that neither actor can

condition her investment on the other’s investment.

9As our focus is on efficient institutions, our main substantive results would not change

if we relaxed this assumption.



growth, we would simply expand the conditions under which peace is sustainable.

If at least one player opts for conflict, there is a violent contest over society’s wealth. A
player’s investment in coercion, m;, increases her chance of winning this struggle but reduces
the prize—the amount of wealth that the winner receives. Each player’s chance of winning,

given the investment choices, is'®
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The parameter 6; > 0 represents a player’s coercive effectiveness: how much coercive force
she can generate per unit of wealth she invests. The greater 0; is, the cheaper it is for a
player to build her forces to a given level. For simplicity in the subsequent analysis, we label
the players so that player 1 is the more effective one; i.e., we assume 6; > 5.

Even beyond the reduction in wealth due to the wasteful investment of resources to
produce violence, conflict imposes costs on society. People are killed, fields are burned, and
so on. In the model, the players know conflict is costly, but they only have partial information
about how the costs will be distributed. To formalize this idea, let each player have a type,
denoted t;, that determines the actual distribution of costs. If t; > 5, then player 1’s costs
are less than initially expected and player 2’s are greater; the opposite is true if t; < ts.
We refer to a player’s type as her privately known strength, or simply her strength; this is
distinct from the coercive effectiveness parameters, 6, and 65, which are publicly known.

Each player has private information about her type.'’ Formally, let Fj(¢;) denote the

19We may assume any distribution over victory in case m; = my = 0, as the exact value

of p;(0,0) is inconsequential to the equilibrium analysis.

1 Although it may be more natural to consider the coercive effectiveness parameters, 0,
and 0y, as private information, doing so significantly increases the technical challenge of the
analysis without providing novel substantive insights. We therefore opt for the simpler model

here.



prior distribution of player i’s type, which is common knowledge. Letting T; denote the
set of possible types (i.e., the support of the distribution), we assume T; is bounded, with
min7; = t; and maxT; = ¢;. The net cost player ¢ bears for engaging in conflict is a function
of both players’ types, ¢;(t;,t;) = ¢ — t; +t;, where ¢; > 0. Without loss of generality, we
assume each t; has mean zero,'? so that ¢; represents player i’s ex ante expected cost.
Combining the investment-induced probabilities of victory and the type-dependent costs

of fighting, a player’s overall payoff from conflict is

Wz’(m;t) = pz‘(mz"mj) [1 —m; — mj] - ci<ti7 tj);

where m = (my, my) and t = (t1,ty) are the vectors of the players’ investment choices and
types, respectively. Because the players have private information about their types, a player
may not know her exact payoff from conflict when she chooses whether to opt out of the
institution. In this case, a player compares what the institution would give her to her expected

payoff from conflict:

Wi(mg, my, t;) = pi(mg, my) [1 —m; —my] — ¢ +t; — E[t; | my]

This expected payoff is solely a function of the information available to a player at the time
she chooses whether to opt out—her own type and both players’ investments.

A player’s expected utility from conflict depends on her type, but her payoff from the
institution does not. This means we will focus on the incentives for the strongest type of a
player, t;, to participate in the institution as opposed to engaging in conflict. Peace through
an institution is sustainable as long as the strongest type prefers the institution over conflict,
as then all weaker types have the same preference.

This is a multistage game of incomplete information, so we solve for perfect Bayesian

12This assumption implies each ¢; < 0 and ¢; > 0. These inequalities hold strictly unless

F; places probability 1 on ¢; = 0.
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equilibria (Fudenberg and Tirole 1991, 331-336). We consider various kinds of redistributive
schemes, defined by the functions V;(my, ms) and Va(mq, ms), in order to see what kinds of
equilibrium behavior they may support. Our goal is to characterize the likelihood of conflict
and the total social costs that might arise from each scheme, so as to identify the most efficient
ones. We are agnostic as to the origins of any particular scheme—it may be proposed by
an outside party or arise endogenously from bargaining between the participants. What
matters is that the players have a shared expectation about how income will be distributed
upon mutual participation in the institution.

We are particularly interested in peaceful equilibria, in which each player always opts to
participate in the institution, and open conflict never occurs along the path of play. As it
turns out, there are often numerous redistributive schemes that support peaceful equilibria.
When this is the case, we look for those that do so with the least wasted wealth—i.e., the
lowest total coercive investment, m; + ms, along the path of play—and refer to them as
efficient peaceful equilibria. Among peaceful equilibria, we only examine those in which all
types of each player make the same coercive investment.!?

This model is closely related to existing formal models of strategic militarization, which
have previously been used to study interstate conflict rather than the organization of the
state itself. Jackson and Morelli (2009) study a dynamic model in which two players can
invest part of their endowments into military strength, which determines the distribution
over military outcomes in case either player chooses to fight. They find that peaceful redis-
tributive settlements can enhance efficiency as long as they are likely enough to be upheld.
Meirowitz and Sartori (2008) study a similar model, except in theirs military investments are
unobservable. Consequently, certain peace is hard to achieve: states create uncertainty by

mixing over different levels of military investment, which ultimately leads to a positive chance

13This restriction is natural. In a peaceful equilibrium, every type of a player must have
the expected payoff, or else there would be an incentive for the types that receive less to

mimic those that receive more (Fey and Ramsay 2011).
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of war. The closest model to ours within this literature is by Meirowitz et al. (2019), who
study how institutions shape military investments by two actors who play a Nash demand
game with private information about military strength. The main result is that mediated
peace talks can lead to welfare gains by reducing the total sum of war costs and military
investments compared to direct communication between the actors. In contrast with these
analyses, which focus on characterizing the equilibrium level of arms and the resulting level
of conflict given a particular negotiating protocol, we inquire whether there is any arrange-
ment of armaments and settlement that produces peace. From there we characterize the

welfare implications of the various peace-enabling investment decisions.

3 Peaceful Equilibria

There are three kinds of peaceful equilibrium. The first and simplest is a peaceful state of
nature, in which peace is sustainable even though neither player makes a coercive investment.
The peaceful state of nature represents circumstances under which the intrinsic incentives
to engage in violence are too weak for conflict to be a concern.

The second type of peaceful equilibrium is a monopoly of violence, in which just one
player makes an investment in the production of violence. In this type of equilibrium, the
monopolist invests enough in coercion to deter the other player from violent appropriation
of wealth. Meanwhile, the institution is designed to ensure that the monopolist receives
enough rents that she still prefers peace over the deployment of her coercive advantage. A
monopoly of violence is sustainable under broader conditions than a peaceful state of nature;
the greater the disparity in the players’ coercive effectiveness or initial wealth, the broader
these conditions are.

The last type of peaceful equilibrium is a balance of power, in which both players invest
in the production of force and thereby deter each other from conflict. A balance of power

may be sustainable when a monopoly of violence is not, particularly when the players are
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similar in coercive effectiveness. If the distribution of types is wide enough or the costs of
conflict are low enough, even the balance of power may be unsustainable, meaning there is
no institutional arrangement that assures peace. We consider the economic efficiency of each
type of equilibrium—the level of coercive investment required to sustain them—and find,
surprisingly, that for any monopoly of violence, there is a balance of power that is strictly
less wasteful. However, if one player could unilaterally dictate the shape of political order,

she would pick an inefficient monopoly of violence.

3.1 Peaceful State of Nature

We begin by characterizing the conditions under which peace is sustainable without any
resources invested to produce force. As investment in coercion reduces the wealth available
for the players to distribute, this is the least wasteful type of equilibrium. However, it is also
the hardest to sustain. When one player does not invest, the other can gain an overwhelming
advantage in conflict at a small cost.

For a player to prefer not to opt for violence, redistribution must give her at least as
much as she expects from conflict. In terms of the model, then, a necessary condition for a
peaceful state of nature is that each player receive at least her expected utility from conflict,

given investments of m; = 0 by both players:

We state this condition for a player whose privately known strength, ¢;, is as large as possible,
as that is the type with the greatest incentive for conflict.

While necessary, this condition is insufficient. Each player, expecting the other not to
invest, may have an incentive to invest and then opt into a conflict that the other player did
not prepare for. In order for a peaceful state of nature to be sustainable as an equilibrium,

it must not be in either player’s interest to deviate to making a small investment and forcing
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conflict. To formalize this idea, let a player’s reservation value, denoted RV, (t;, m;), be the
greatest expected utility she can attain by investing and forcing conflict, given her own type
and how much she expects the other player to invest:
sz(tz, mj) = Ssup Wl(ml, mj, tl)
m;EM;
When one player expects the other to invest nothing, as in a peaceful state of nature, she

can assure herself victory in conflict with any m; > 0, even a very small one. Therefore, the

reservation value of a player who expects no investment by the other is simply

Because the strongest type of each player is the one with the greatest incentive to deviate
to conflict, a necessary and sufficient condition for each player to participate in a peaceful
state of nature is

V:(0,0) > RV,(t;,0). (2)

If this condition holds for each player, neither has an incentive to take advantage of the other
by investing and then forcing conflict.

Under what conditions does peace prevail in the state of nature? If neither player invests,
then the redistributive scheme divides all of their initial wealth: V1(0,0)+V3(0,0) = y1+y2 =
1. The critical question, then, is whether the unit of wealth is enough to distribute between
the players while preserving peace—i.e., that the no-deviation condition, Equation 2, can be
met for each player. Formally, there is enough wealth to satisfy the strongest type of each

player only if RV (f1,0) + RVa(#2,0) < 1, which is equivalent to
Cl+C—t — 1y > 1.

As we summarize in the following proposition, this condition fully determines whether there

14



is a peaceful state of nature.'

Proposition 1. There is an equilibrium with a peaceful state of nature if and only if ¢; +

52—7?1—7?221.

Evidently, it is quite difficult to sustain peace in the absence of coercive investments.
Specifically, the expected costs of conflict must exceed the total value of the society’s wealth
(i.e., the condition implies ¢ + ¢ > 1). Even with such high costs of conflict, a peaceful
state of nature may still be unsustainable if the strongest possible types, represented by ¢;,

are great enough.

3.2 Monopoly of Violence

If the expected cost of conflict is too low, then we cannot expect peace to prevail in the
absence of organized force. We now consider the sustainability and efficiency of political
arrangements in which one player maintains peace by establishing a monopoly over the use
of coercive force.

In a monopoly of violence, one player (call her the monopolist) invests m; > 0 along
the path of play, thereby reducing the incentive of the other player (the subject) to opt for
conflict. Meanwhile, the monopolist’s temptation to opt for violence over peace, given her
coercive advantage, can be restrained as long as the institution’s distribution of wealth in
case of peace is sufficiently favorable to her. In other words, in a monopoly of violence, the
monopolist collects rents from the subject as the price of preserving the peace.

In determining whether a monopoly of violence may produce peace, we run into a fun-
damental strategic tension. On one hand, the monopolist must invest enough to deter the
subject from partaking in violence. To formalize the idea here, consider an equilibrium in
which player ¢ is the monopolist and invests m; > 0, while player j is the subject and does

not invest in coercion. Suppose the equilibrium gives V;* to player ¢ and V" to player j,

4 All proofs are in the Appendix.
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where V;* + V;* = 1 —m;. The equilibrium must give the strongest type of the subject as

much as she could expect from optimal coercive investment:

Vi" = RV, (t5,m7).

Because each player’s reservation value is decreasing in the other’s investment, it becomes
easier for this condition to hold as m} increases. The more the monopolist invests, the more
likely the subject is to be deterred.

On the other hand, the more the monopolist invests to deter the subject, the less wealth
there is left over to be distributed peacefully. The greater the cost of deterrence, the harder
it becomes to design an institution that gives the monopolist an incentive to participate.
The temptation for the monopolist is to deviate to investing an infinitesimal amount, which
is still enough to assure victory over a subject who spends nothing and leaves more wealth
than if the monopolist invests enough to deter. Formally, the condition for the monopolist
always to prefer the equilibrium distribution of wealth over opting out is V;* > RV,(¢;,0),

which is equivalent to

It becomes harder for this condition to hold as m; increases, as the cost of deterrence is
eventually unbearable.

In summary, the basic strategic tension is that the monopolist’s investment must be great
enough to deter the subject, but not so great that she would rather fight over a larger pie.

The formal condition is that there exist m; > 0 such that

Assuming this condition can be met at all—i.e., that it is possible to deter the subject while

leaving enough rents for the monopolist to extract—our goal is to find the lowest level of
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Figure 1. Existence of a monopoly of violence as a function of the expected net cost of
conflict and the stronger player’s share of the initial wealth.

investment m; at which it does. This represents the least wasteful, or most economically
efficient, monopoly of violence.

Two factors determine whether a monopoly of violence can sustain peace. The first is
the expected total cost of conflict. The more costly conflict is, the less one must invest
to deter the other player from conflict and thus the easier it is to sustain peace through
a monopoly of violence. The second is the distribution of initial wealth, which can cut
either way. Even if the costs of conflict are relatively high, a monopoly of violence may be
unsustainable if the prospective monopolist does not have sufficient initial wealth to make
the necessary investment in coercion. By the same token, a player with an inordinate share
of the initial wealth may be able to sustain a monopoly of violence even when the expected
costs of conflict are low, simply because the other player lacks the capacity to resist.

In summary, a monopoly of violence requires that the costs of conflict be high, that the
initial distribution of wealth be skewed heavily in favor of the monopolist, or both. Figure 1

illustrates these conditions, and the following proposition states them formally.

Proposition 2. There are cost thresholds for a monopoly of violence, 1y and 1, such that:
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(a) 0 <ty <1/2 and vy =1—1; >1/2.

(b) If ¥; < & +¢; —t; —t; < 1, then there is a peaceful equilibrium with a monopoly of

violence by player i if and only if initial wealth is not too skewed in favor of player j.

(c) If0O<¢+e—t—1t; < Vs, then there is a peaceful equilibrium with a monopoly of

violence by player i if and only if initial wealth is skewed far enough in favor of player .

In a monopoly of violence equilibrium, the equilibrium level of investment by the monopo-
list must be enough to deter the subject from forcing a conflict. The greater the monopolist’s
coercive advantage over the subject, the cheaper it is to do so. This line of logic leads us
to two conclusions about peaceful equilibria with a monopoly of violence. First, it is easier
to sustain an equilibrium with the player whose coercive effectiveness is greater (which we
have labeled as player 1) as the monopolist. Second, the greater the imbalance in coercive
effectiveness, the easier it is to support a monopoly of violence in the first place. A peaceful
monopoly of violence is hardest to establish when the players have equal abilities to translate
investment into coercive force. An imbalance in coercive effectiveness decreases the cost of
sustaining a monopoly of violence, and with it the constraint on the monopolist’s initial
wealth, as illustrated in Figure 2.

If the costs of conflict are large enough relative to the magnitude of the players’ uncer-
tainty, then a monopoly of violence by either player is potentially sustainable as an equi-
librium. It is less wasteful to have the player with greater coercive effectiveness be the
monopolist, as the other player can be deterred with less effort, but this might be impossible
if the initial distribution of wealth is skewed against the more effective player. If the less
effective player disproportionately controls the initial wealth and the costs of conflict are
close enough to the threshold defined in Proposition 2, then there is no peaceful equilibrium
with a monopoly of violence.

Given the opportunity, the player with greater coercive effectiveness would indeed choose
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Figure 2. Conditions for the existence of a monopoly of violence as a function of the
stronger player’s coercive advantage.

to be the monopolist. However, this does not necessarily mean she would choose to invest
at the socially efficient level. In fact, we find that the equilibrium with the highest payoff
for the monopolist entails strictly more investment than is necessary to sustain peace, as

illustrated in Figure 3.

Proposition 3. In a monopoly of violence, the monopolist prefers more coercive investment

than the socially efficient level.

This result may seem counterintuitive, as an over-investment in coercion shrinks the size
of the pie that is redistributed in a peaceful equilibrium. But shrinking the pie, up to a
certain point, is strategically advantageous for the monopolist. The less wealth there is left
over after coercive investment, the less incentive the subject has to engage in costly conflict
over that wealth. Consequently, the subject’s reservation value shrinks rapidly with the
monopolist’s investment, allowing the monopolist to extract more from redistribution while
maintaining the peace. At the margin, the reduction in the subject’s reservation value due
to the monopolist’s investment outweighs the reduction in the size of the pie, giving the

monopolist an incentive to over-invest.
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Figure 3. Illustration of Proposition 3, showing that the efficient monopoly of violence is
not generally the best for the monopolist, as Vi(my,0) < Vi(m/,0). Parameters used in the
ﬁgure: 91 = 25, 92 = 1, Cl =C = 035, 1?1 = Eg = 0125, and Y1 = Yg = 0.5.

3.3 Balance of Power

We now consider the final type of peaceful equilibrium, which we term a balance of power,
in which each player invests in coercion to deter the other from violent appropriation. It
is easier to meet the conditions for a balance of power equilibrium than for a monopoly of
violence—whenever a monopoly of violence is a sustainable, so too is a balance of power, but
the reverse is not true. More interestingly, for any monopoly of violence, there is a balance
of power that attains peace at strictly lower cost. The efficiency advantage of a balance of
power is most pronounced when the two players’ coercive effectiveness is roughly equal.

In a balance of power equilibrium, player 1 invests mj > 0, player 2 invests mj > 0,
and each opts for the institution over conflict. As before, in order for the strongest type of
each player, t;, to prefer redistribution over conflict, it is necessary but insufficient that her

promised portion equal at least what she would get from fighting:

Vi(mi,mj) > Wi(ms, m*, ;).

79 R

If the strongest type expects conflict, she may prefer to invest more or less than the amount

necessary to deter the other player, given her expectation that the other player will invest
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m}. Therefore, peace requires that the redistributive scheme give the strongest type of each

player at least what she would expect from optimal investment in anticipation of conflict:

Vi(m;,m}) > RV,(t;, m]).

Because this condition must hold for both players, a balance of power equilibrium requires
that

RV (1, m3) + RVa(ta, m3) < Vi(mi,mb) + Va(mi,my) =1 —m] —mj.

The critical question is whether there is a pair of investments for which this condition holds.
If not—and if the conditions for a peaceful state of nature and a monopoly of violence do
not hold either—then there is no peaceful arrangement of political order.

In a balance of power equilibrium, each player must invest enough to deter the other.
The greater the expected cost of conflict, the cheaper it is to do so. Consequently, the
main condition for a balance of power equilibrium is that the expected cost of conflict be
great enough. However, unlike with a monopoly of violence, the players’ relative coercive
effectiveness and initial wealth do not affect the sustainability of peace through a balance of
power. As one player’s coercive advantage increases, the cost of deterring that player from
conflict increases at the same rate as the cost of deterring the other one decreases. Because
the effects cancel each other out, the cost condition for a balance of power equilibrium is

independent of relative coercive effectiveness, and there is no constraint on initial wealth.

Proposition 4. There is a peaceful equilibrium with a balance of power if and only if ¢; +
Gy — 11 — 1ty > 0.

Naturally, this is weaker than the cost conditions for a peaceful state of nature or
monopoly of violence. Moreover, because each ¢; > 0, this condition is sure to hold if
there is close to complete information about the distribution of costs in case of conflict (i.e.,
each t; ~ 0). On the other hand, if the distribution of types is too wide, even a balance of

power cannot sustain peace, and any equilibrium of the game entails a positive probability
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of conflict.

3.4 Comparing Political Orders

We now consider social welfare: which political arrangement obtains peace at the lowest
cost? An equilibrium with investment levels (mj,m3) results in wealth of 1 —m} — mj,
so the question is which kind of equilibrium attains peace at the lowest value of mj + ms3.
Obviously, if the conditions of Proposition 1 are met and there is a peaceful state of nature,
this is the most economically efficient equilibrium. Short of that, we find that a balance
of power can always obtain peace at a lower cost than any monopoly of violence. In other

words, a monopoly of violence is never the most efficient form of social order in our model.

Proposition 5. If there is a peaceful equilibrium with a monopoly of violence, then there is

a peaceful equilibrium with a balance of power with strictly less total coercive investment.

This result follows from the decreasing returns to investment as an instrument of de-
terrence. The first unit of investment does much more to decrease a player’s reservation
value than does the second, which in turn does more than the third.?®> When a peaceful
state of nature is not sustainable, the problem at hand is to identify the equilibrium that
lowers the total reservation value just enough that the leftover wealth can make each player
prefer the institution over conflict. This can be accomplished more cheaply by having both
players spend a bit than by having a single player spend a lot. In other words, if we took
any monopoly of violence, had the monopolist invest a bit less and the subject invest a bit
more, we could still sustain peace with room to spare.

The magnitude of the inefficiency in a monopoly of violence depends on how imbalanced

15 As this result emerges in part from our technological assumptions about the relationship
between investment and coercive power (i.e., Equation 1), in an extension below we consider
economies of scale in the production of coercion. Proposition 5 continues to hold as long as

the players are close enough in their initial endowments and coercive effectiveness.
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Figure 4. Illustration of the efficient equilibrium and the efficiency gap as a function of the
power difference.

the players are in their coercive effectiveness. The closer they are to equality, the more
inefficient a monopoly of violence will be, as illustrated in Figure 4. At parity, it requires a
substantially larger investment to maintain a monopoly of violence than the most efficient
balance of power. However, as the coercive advantage of the stronger player grows, the
equilibrium investment of the weaker player in the most efficient balance of power shrinks.
Consequently, the efficiency difference between this and the least expensive monopoly of
violence becomes negligible.

If monopolies of violence are inefficient, and balances of power are sustainable as equi-
libria, why should we ever observe the monopolization of force by a sovereign government?
The problem is that the best equilibrium for the society as a whole is not necessarily the
best for the monopolist. If one player could dictate the choice of equilibrium, she would
select a monopoly of violence. The following results extends Proposition 3 by showing that
not only is the best monopoly of violence for a player one in which she over-invests, but that

the player prefers this monopoly over any balanced political order.

Proposition 6. The best peaceful equilibrium for player ¢ is a monopoly of violence by i with
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more coercive investment than is socially efficient, if such an equilibrium exists.

In summary, we have characterized the conditions for each type of peaceful equilibrium
and uncovered some important implications for the efficiency of political orders. When
some level of coercive investment is necessary to preserve peace, the cheapest way to do
so involves investment by both players, with the majority coming from the player with the
greater coercive effectiveness. Precisely because a balance of power is cheaper to sustain,
it is supportable under a wider set of conditions on the expected costs of conflict and the
initial distribution of wealth than is a monopoly of violence. However, social efficiency and
individual incentives do not coincide. If a single player could dictate the nature of political
order, she would choose a monopoly of violence in which she is the monopolist and invests

more than is necessary to deter the other player from conflict.

3.5 FEconomies of Scale

The baseline model analyzed above assumes constant returns to scale in the production of
coercive force. We now relax this assumption and examine whether our main results hold up
when there are economies of scale in coercion. In particular, we consider an environment in
which it is cheaper, in terms of the total investment required, to have a single player produce
a unit of coercive force than to split its cost across both. Intuitively, monopolies of violence
ought to appear more attractive in this environment than in the baseline model. We confirm
that this is the case: economies of scale mitigate the inefficiency of a monopoly of violence.
Nevertheless, for players with symmetric initial wealth and coercive effectiveness, a monopoly
of violence remains inefficient compared to the optimal balance of power. Economies of scale
alone do not make a monopoly of violence efficient—there must also be an initial imbalance
in favor of the monopolist.

To model economies of scale, we simply replace the contest success function from the

original model. Specifically, the model with economies of scale is identical to the original,
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replacing Equation 1 with

exp(0;m;)
exp(6;m;) + exp(0;m;)

(3)

pi(miamj) =

Unlike in the baseline model, even if 8, = 65, the cheapest way to produce z > 0 units of
effective coercion is to have a single player take on the entire cost. Additionally, each player
always recoups some fraction of the prize in case of conflict, even if she invests nothing.
Consequently, unlike in the baseline model, it may be optimal for a player to choose m; =0
even if she anticipates conflict.

Even with economies of scale in the production of coercion, our finding on the efficiency
of a monopoly of violence holds up as long as there is not too much inequality between the

players at the outset of the interaction. The following proposition states this result formally.

Proposition 7. Assume y; = yo and 01 = 05 in the model with economies of scale. If there
18 a peaceful equilibrium with a monopoly of violence, then there is a peaceful equilibrium

with a balance of power with strictly less total coercive investment.

To see why this finding holds, it is important to understand that there is not a fixed price
for the preservation of peace. If that were the case, then it would be optimal to concentrate
coercion in a single authority even if the players were ex ante identical. Instead, the price of
preserving the peace depends on how much each player could expect to receive from conflict,
which in turn is a function of the equilibrium choices of coercive investment. Whether or
not there are economies of scale in the production of coercion, there is a steep price to deter
a monopolist from exercising her coercive advantage through conflict. Therefore, it remains
cheaper to have both players spend just enough to deter each other from defecting to conflict.

On the other hand, the introduction of economies of scale substantively changes our
results when the players differ in their coercive effectiveness. In particular, if one player
has a significant advantage in the application of coercion (6; > 65), then the lowest-cost

peaceful political order might entail having that player as the monopolist. Figure 5 illustrates
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Figure 5. Inefficiency of a monopoly of violence when there are economies of scale in the
production of coercive force.

the inefficiency (if any) of a monopoly of violence as a function of the stronger player’s
relative effectiveness. Comparing this to the same result for the baseline model, illustrated
in Figure 4(b), we see two important differences. The first, as noted above, is that a monopoly
of violence is sometimes the most efficient arrangement of political order. The second is that
even when a monopoly of violence is inefficient, the magnitude of the difference is less than
in the baseline model.

To sum up, the results of the extension confirm the intuition that the technology of
coercion affects the relative efficiency of various political orders. However, while increasing
returns to scale in the production of coercion appear to be a necessary condition for a
monopoly of violence to be efficient, they are not sufficient on their own. Unless there is
also an initial imbalance in the technology of coercion, a balance of power remains the most

economical arrangement of political order.

4 Equilibria with Conflict

So far we have focused on peaceful equilibria where the threat of conflict may shape redis-

tributive outcomes but conflict never occurs along the equilibrium path. The conditions for
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assured peace are quite stringent. In particular, it must be possible to identify an institution
that satisfies the strongest type of each player. If there is even a small probability that one
player is extraordinarily strong, then this condition becomes impossible to meet, meaning
there is no equilibrium that always ends peacefully. In this case, the most efficient political
order involves a positive probability of violence.

To illustrate efficient political orders with a positive probability of violence, we consider
a simple case of the baseline model with one-sided private information.!® Let the players
have equal initial wealth (y; = yo = 1/2), coercive effectiveness (6; = 0 = 6), and expected
costs of conflict (¢; = é = ¢). Moreover, let it be common knowledge that ¢, = 0, and let
player 1’s type be drawn from 7} = {0, ¢}. Substantively, this means that the total cost of
conflict is 2¢, which will either be evenly divided or fall exclusively on player 2; initially only
player 1 knows which is the case.!” Let m denote the prior probability that player 1 is strong,
i.e., that t; = ¢, where 0 < m < 1.

The problem with a peaceful equilibrium in this setting is that the players must spend
an inordinate amount of their wealth to deter the strong type from conflict, even if the
probability of such a type is small. It would require less investment to deter only the weak
type and plan for conflict with the strong type. To formalize this idea, imagine a conditional
monopoly of violence, in which player 2 always invests, while only the strong type of player 1
invests. If player 1 is the low type, player 2 acts as the monopolist; otherwise, conflict occurs.
If the costs of conflict are great enough, this conditional monopoly of violence is sustainable
as an equilibrium.’® More importantly, when the prior probability of a strong type is low

enough, the expected efficiency loss in the conditional monopoly of violence is less than that

150ur substantive results would be qualitatively similar with two-sided private information

or asymmetries between the players.

Tmplicitly this relaxes the assumption that E[t;] = 0. This allows us to take comparative

statics on the prior probability of a strong type while holding the type space fixed.

18Proposition 9 in the Appendix provides a formal characterization.
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Figure 6. Expected inefficiency of the proposed equilibrium with a positive probability of
conflict, compared to the most efficient peaceful monopoly of violence and balance of power.

of any peaceful equilibrium. Figure 6 illustrates this result, showing that the conditional
monopoly approaches perfect efficiency as the prior probability of a strong type goes to zero.

There are two sources of economic inefficiency in the conditional monopoly of violence.
The first is the amount that player 2 and the strong type of player 1 invest in their coercive
capacity. Intuitively, however, we expect these to be less than in the baseline peaceful
equilibrium. The other, more important source of inefficiency is the cost of conflict, which is
now realized on the path of play. In the equilibrium proposed here, conflict occurs whenever
player 1 is strong. Consequently, if the prior probability of such a type, m, is large enough,
the efficiency gains of lower coercive investment are swamped by the efficiency loss due to
conflict. By the same token, when 7 is small enough, so too is the efficiency loss from the
costs of conflict.

When the prior probability of a strong type is low enough, the equilibrium we construct
with a positive probability of conflict is less wasteful in expectation than the best peaceful
monopoly of violence or balance of power. Although conflict remains ex post inefficient, it
can be efficient ex ante to allow for some chance of conflict, so as to reduce the extreme cost

of guaranteeing participation in the institution.?

YThis result is connected to work in international relations theory demonstrating that the
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5 Exit

We now extend the model to allow players to opt out of interacting with each other altogether,
whether peacefully or violently. In the game with exit, when the players have learned their
types and are choosing how much to mobilize, each may instead choose to exit the interaction.
If either player chooses to exit, then there is no further interaction, and each player consumes
a fraction of her initial wealth. Otherwise, the game proceeds as in the original model.

We make three assumptions about the value of exiting the interaction. First, the greater a
player’s initial wealth, the more attractive the exit option is. An initially wealthier player has
more to lose by interacting, whether in peaceful redistribution or violent conflict. Second, exit
is economically inefficient. Whether due to returns to scale, complementarities in production,
or gains from specialization, the players’ resources can produce more when combined than
when apart. Specifically, we assume that the most a player can receive from exit is ay;,
where 0 < o < 1. Third, the incentive to exit is greater for stronger types of a player. In the
original model, a player’s type represents her privately known ability to mitigate the costs of
violent conflict; it is natural to assume that the same traits also determine a player’s ability
to thrive under anarchy. To incorporate this assumption into the model, we assume the cost
of exit to type t; of player i is 3(f; — t;), where 8 > 0.2

Let e;(t;) denote the payoff from exiting to type t; of player i. The above assumptions

high cost of arming may be a cause of interstate war (Coe 2011). It is also closely related
to the well-known finding in economics that there are generally not ex post efficient trad-
ing mechanisms that are compatible with individual incentives (Myerson and Satterthwaite

1983).

20The results of the extension would be substantively the same if the cost of exit were any
decreasing function of the player’s type, and if the cost of exit for the strongest type were

nonzero.
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imply

In case player ¢ invests m; > 0 and player j chooses to exit, we assume player i’s coercive
investment is wasted, so player i receives a(y; —m;) — 5(t; — t;). We now consider how exit
alters the sustainability and shape of a monopoly of violence when the monopolist has a
temptation to exit.

Naturally, the conditions to support a monopoly of violence become more stringent once
we introduce the possibility of exit. In the baseline model, an imbalance of initial wealth
does not threaten a monopoly of violence as long as the imbalance favors the monopolist.
With the possibility of exit, however, high initial wealth may induce the potential monopolist
to exit rather than to mobilize and expose her wealth to redistribution. Therefore, all else
equal, a balanced distribution of wealth is most conducive to a monopoly of violence in the
game with exit.

Even when a monopoly of violence remains sustainable, it may require more coercive
investment, making it less economically efficient, than in the baseline game. In the baseline
model, the most efficient monopoly of violence entails the player with greater coercive ef-
fectiveness spending the least possible to deter the other player from conflict while leaving
enough surplus for the monopolist. If exit is attractive enough for the monopolist, then the

redistributive surplus required to induce her to participate increases; this in turn requires

her to invest more to make conflict less attractive for the subject.

Proposition 8. In the game with exit, if there is an equilibrium with a monopoly of violence
by player i and ay; > 1 — ¢; + t;, then this equilibrium is less efficient than would be possible

in the baseline game.

As a consequence, introducing the possibility of exit has mixed results for social welfare.
On one hand, as Proposition 8 demonstrates, a monopoly of violence in the game with exit

entails more coercion—and thus less wealth to divide—than in the baseline model. Once the
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monopolist has a credible threat to flee, she must be compensated with additional extraction
from the subject in order to be willing to stay and govern. As exiting becomes more viable,
we should expect monopolies of violence to become even more coercive and wasteful.

On the other hand, a viable exit option makes it harder to sustain peace through a
monopolistic political order in the first place. With the introduction of exit, a peaceful
political order must guarantee each player enough to deter her both from deviating to conflict
(the same condition as in the baseline model) and from fleeing altogether. Whenever a
monopoly of violence would be barely sustainable in the baseline case, it is likely to be
impossible once we introduce the possibility of exit. If we expected political actors always to
coordinate on the most efficient equilibrium, this might be immaterial. However, as noted
above in Proposition 6, individual incentives may lead to inefficient monopolistic equilibria.
By precluding the establishment of a monopoly of violence, the exit option may ultimately

enhance social welfare.

6 Conclusion

When is peaceful political order self-enforcing? Under what conditions can monopolies of
violence be sustained? If these conditions are met, what are the welfare implications of
order? The model we developed in this paper answers these questions. In contrast with both
conventional wisdom and extant scholarship we have shown that orders characterized by a
monopoly of force are generally inefficient relative to political orders where multiple agents
maintain coercive abilities. Furthermore, even within the set of peace-preserving institutions
backed by a monopoly of violence, the institution most preferred by the monopolist requires
an inefficiently high investment in coercion. In other words, monopolies of violence beget
monopoly rents.

Our results suggest that organizing principles defined by sovereign constituent units that

monopolize violence are not “natural” in the way many contemporary observers of politics
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might assert. Indeed, political order based upon diffuse coercive abilities is, as we have shown,
sustainable whenever there is peace based upon a monopolist of force. More surprisingly, we
find that this diffuse balance of power is welfare-improving.

Why then does the state persist? Consider two plausible answers. First, it could be
that norms of mutual recognition exclude non-states from the international system. While
potentially true, our model suggests a second likely answer. Monopolies of violence, though
inefficient, persist because they endow the most powerful actors with the greatest payoff.
If the powerful are capable of establishing the rules of the game, we expect them to select

socially inefficient yet individually optimal institutional arrangements.
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A.1 Proof of Proposition 1

Proposition 1. There is an equilibrium with a peaceful state of nature if and only if ¢; +

52—7?1—7?221.

Proof. The argument in the text proves the condition is necessary. For sufficiency, we assume
the condition holds and construct an equilibrium. Let V;(0,0) = RV, (¢, 0), so that V2(0,0) =
1—RV1(t1,0). For all (mq,ms) # (0,0), let each V;(mq, ma) = (1 —mq —ma)V;(0,0), so that
Vi(my, me) 4+ Va(my, me) = 1 —my —my as required. We claim that the following assessment

constitutes a peaceful state of nature equilibrium:

e Every type of each player chooses m; = 0.

e After observing any my;, player i’s updated belief about ¢; equals her prior.

o After mobilization choices (m;, m;), type t; of player ¢ chooses w; = 0 if V;(m;, m;) >
I/T/}(mi,mj, t;) and w; = 1 otherwise.

The choices of w; are best responses by construction. The condition of the proposition implies
V5(0,0) > RVa(t2,0), so all types of both players choose w; = 0 following (m;,ms) = (0, 0).
The updated beliefs following m; = 0 are in accordance with Bayes’ rule, and all other beliefs
are unrestricted by perfect Bayesian equilibrium. Finally, it is unprofitable for any type to

deviate to m; > 0, as doing so yields an expected utility of

max {Vi(mi,O),VVi(mi,O,ti)} < max {Vi((),()),RVi(ti,O)}
< max {Vi(O,O),RVi(t_Z-,O)}

— 14(0,0). 0

A.2 Proof of Proposition 2

We begin with a series of lemmas concerning players’ reservation values and their minimiza-

tion. The first derives a player’s optimal investment if she expects to force a conflict, given

1



investment m; > 0 by the other player.

Lemma 1. For all m; € (0,y;], let

Hlﬂjmj + 9]'(9]‘ — 61>m§ — Hjmj
0;

BR;(m;) is the unique maximizer of W;(mi, m;,t;) for all types of playeri; i.e., for allt; € T;

and m; € M; \ BR;(m;),

WZ(BRZ(m]), m;, tz> > Wl(m“ m;j, tz)

Proof. Take any m; € [0, y;], m; € (0,y;], and ¢; € T;. Notice that

OW;(m;, m;, t;) _ Opi(my, my)

Hﬂjmj [1
(HZmZ + Qjmj)Q

(1 —m; —my] — pi(mg, my)

L G

This expression is strictly decreasing in m;, which means W; is strictly concave in m;. This in
turn means that W; has a unique maximizer with respect to m;. Because 81%(0, m;,t;)/0m; >
0, the maximizer is the unique value at which Equation 4 equals zero, or else y; if the uncon-
strained maximizer is infeasible. Moreover, because the type t; does not enter the marginal
utility (defined by Equation 4) or the budget constraint, this maximizer is the same for all
t, €T

Let m; denote the unconstrained maximizer. By setting Equation 4 to equal zero and
rearranging terms, we yield

m; (6;m] + 0;m;)

1—m,—m; = 5
mz m] Hjmj ) ()




which is equivalent to

Hz(m;)Q + QHJme; — Qjmj(l — mj) =0.

The quadratic theorem then implies

—29jmj + \/(29jmj)2 + 4919]771](1 — mj)
m, = )

‘ 20,

Because investment cannot be negative, the only valid solution is the positive root, which

gives the result. O

We now identify the unique pair of investment levels that form mutual best responses

when neither player’s wealth constraint binds. Specifically, for each ¢ = 1,2, let

9]' - 91',

o

" VB (/7 - V)
2(0,—0,)

0; # 6.

Corollary 1. BRi(m;r-) = min{m!, y;}.
Proof. Assume BRi(m;) < y;. It is immediate from the definition of m} that

0,0;
0,0;m! +0;(0; — 0;)(m})? = 4]. (6)

In case 6; = 0, it is then immediate that BRZ-(m;) = 1/4 = m}. Otherwise, we have

BR(m!) — (V00 0500 - \0:i0) | _ O, (VOi — /0;) _ -

0; | 2 20, —0;) | 200, —0)
as claimed. n

The argument in the main text implies that a necessary condition for a peaceful equilib-



rium with investment levels (m;, m;) is

RV;(ti, m;) +m; + RV;(t;,m;) +m; < 1.

We define the functions 1; and 1; such that the above condition is equivalent to

Yi(m;) +;(my) <1+¢ +¢ —t; —t;.

Specifically, let ¢; : M; — R be defined by

1 m; = 07
Yi(m;) =
pj(BRj(mi), ml) [1 — BRj(ml) — mz] +m; m; > 0.

Notice that ¢); is continuous, as lim,,, o+ 1;(m;) = 1.
To find the widest conditions under which there exist peaceful equilibria, we are concerned

with the minimization of v;. The following result ensures that 1; has a unique minimizer.
Lemma 2. 1); is strictly convez.

Proof. First consider m; € (0,1) such that BR;j(m;) < y;. Let g(m;) = 6;0;m;+6,(6;—6;)mZ,

so that

0

by Lemma 1. This implies

_ 0;BRy(m)
Pi(mi) = 0im; + 0, BRj(mz’> [ —m; = BRj(mi)] o
_ Vg(mi) —bim [@-(1 —mi) = (\/g(mi) — bimy) |
g(my) 0;

=1 +9%- [Himi — g(mi)} )

m;



This in turn gives
/ 2 g/(mi)
(m;) = — |0; — —F—=
bi(ma) 7 5

and thus
g'(m;)? — 29(mz‘)g"(mz‘).
293'9(77%) g(mi)

P; (my) =

The denominator of this expression is positive, so its sign equals that of

g (my)? — 2g(m;)g" (my) = (0:0;)* > 0.

Now consider m; € (0,1) such that BR;(m}) = y; for all m} in a neighborhood of m,;.

Here we have

0;y;
i(mi) = ——>— |1 —m; —y;| +my,
yielding the derivative
—0,0,y; 0y,
¢Z( ) (lez —+ ijj)2 [ yj] szl + Gjyj
It is clear that this expression is strictly increasing in m;, so ¢!'(m;) > 0. O

This result allows us to characterize the minimizer of v;(m;) + 1;(m;) both when the

wealth constraint does not bind and when it does.

Lemma 3. Ify; > m;r and y; > m}, then

min {yilme) +vy(my) | = vilm]) + (ml) = 1.

(mi,mj)eM,-XMj

Proof. Assume y; > mj and y; > mj First we show that mj is the unconstrained minimizer

of 1;. Lemma 2 implies that 1); has a unique minimizer and that ¥}(m;) = 0 is a sufficient



condition for m; to be the minimizer. Observe that

]

2
9]' Qﬂj

In case 6; = 0}, then clearly w;(mj) = 0, as required. Otherwise, if 0; # 0;, we have
0,0, + 20:(0; — 0;,Ym! = 0,0, + 0;7/0;(\/0; — \/0;) = 0:1/0:0;,

so ¢(m}) = 0, again as required.

To prove that the minimized value is 1, observe that

6? + 62
vty 0; =0,
VI @y oG-
i J

2(0, — 0;)
(6 +6,)\/0.8; — 6,6,
_ : ,

Therefore, letting g(m;) be defined as in the proof of Lemma 2,

[0im! — \Jg(m})  0;m! — /g(m]
i(m]) + 5(m}) =2 +2 m104ﬂmg+ i &gmm
j i

[02m] + 02m! — (0; + 0,)\/0:0; /2]

=242

0.0,

as claimed. O

The unconstrained solution is infeasible if either player’s wealth is too low. In this case,

define

i v%%%+%QFWMﬁ—%w

7



Lemma 4. Ify; < m;r-, then y; > mz and

min {uimg) +olmg) b= dimb) + ) = 1

(mi,mj)GMiXM]-

Proof. Assume y; < m}. Because mL < 1/2foreach k =1,2and y; +y; =1, y;, <m

T
J
implies y; > mj As 1); is strictly convex, per Lemma 2, its constrained minimizer on M;
is y;. From there we must show that m! minimizes 1;. It cannot be minimized at a value
to which j’s unconstrained best response would be feasible (i.e., at a value m/ such that
BR,(m/) < y;), as the proof of Lemma 3 implies that m/! is the only such minimizer. Solving

the minimization condition }(m;) = 0 for m; such that BR;(m;) = y; in a neighborhood of

m; yields m; = mf. Finally, we have

bi(mi) = 0,y; 0i — Oiy; + 0595 — \/Qigjyj +0;(0; — 0,)y;
\/eiejyj +0;(6; — 0:)y; 0;
2
=7 [\/91'93‘% +6;(0; — 0:)y7 — 9]'94 :

2
Vilys) =1+ 5 [91%' - \/ez'@jyj +0;(0; - ei)?/az'J )

so ¥;(m}) +1;(y;) = 1, as claimed. O
We can now prove the proposition.
Proposition 2. There are cost thresholds for a monopoly of violence, 11 and 1o, such that:
(a) 0 <ty <1/2 and o =1 — 1)y > 1/2.

(b) If ; < & +¢; —t; —t; < 1, then there is a peaceful equilibrium with a monopoly of

violence by player i if and only if initial wealth is not too skewed in favor of player j.

(c) IfO<G+¢c—t—1t; < Vs, then there is a peaceful equilibrium with a monopoly of

violence by player i if and only if initial wealth is skewed far enough in favor of player .



Proof. We define each cost threshold as 1); = QmZ , from which part (a) follows.
To prove that the stated conditions are necessary, recall that a monopoly of violence by

player i requires that
¥i(my) +;(0) <1+¢+¢ —t; — i,
or, equivalently,
Ei + Ej Z 'Lbz(’n%) + t_l + fj (7)

for some m; € M;. If the condition of part (b) holds, then from Lemma 3 the necessary

condition is equivalent to

which holds if and only if y; is great enough (and thus y; small enough). If the condition
of part (c) holds, then Lemma 3 implies that the necessary condition cannot be met at
an investment level at which neither player’s wealth constraint binds. In this case, then,

Lemma 4 implies that the necessary condition is equivalent to

’lﬂl(mf) <c¢+ Ej — Ez — Zj,

which holds if and only if y; is small enough (and thus y; great enough).
To prove sufficiency, we construct the claimed equilibrium. Assume the necessary condi-
tion holds, and take any m; € M; such that ¢;+¢; > ¢;(m;)+t;+¢;. Define the redistribution

scheme V; as follows:
e Vi(m;,0) = RV,(¢;,0) — max{m; — m;,0}.
e For all m; > 0, V;(m;, m;) = min{V;(m;,0),1 —m;}.
We then claim the following assessment constitutes a monopoly of violence equilibrium:

e Every type of player ¢ chooses m; = m;.



e Every type of player j chooses m; = 0.

e After observing the other player’s investment choice, each player’s updated belief about

the other’s type equals her prior.

o After investment choices (m;, m;), type t; of player k chooses wy, = 0 if Vj,(m;, m;) >

Wi (m;, mj, t,) and wy, = 1 otherwise.

The proof that this is an equilibrium is analogous to the proof of Proposition 1. As
in that proof, the choices of wy are best responses by construction, and the beliefs are
updated in accordance with Bayes’ rule whenever possible. Our conditions on m; imply that
V;i(0,m;) = 1—m; —RV,(%;,0) > RV;(t;,m;), so there is peace along the path of play. Finally,
the redistribution scheme is designed such that neither player has a unilateral incentive to

deviate from the prescribed investment choice. O

A.3 Proof of Proposition 3

Proposition 3. In a monopoly of violence, the monopolist prefers more coercive investment

than the socially efficient level.

Proof. Assume there is an equilibrium with a monopoly of violence by player ¢, per the con-
ditions of Proposition 2. The monopolist’s greatest feasible payoff from such an equilibrium
1S

Consequently, the monopoly of violence that is optimal for the monopolist solves the con-

strained optimization problem

m;

st Yi(my) +9;0) <146 +¢ — 1 — 1, (P1)



By contrast, the socially efficient monopoly of violence is the lowest value of m; at which
Equation 7 holds with equality. Because 1); is strictly convex and obtains its minimum at
an interior point (Lemmas 2 through 4), the socially efficient monopoly will not in general
solve P1, as the monopolist could do better with a marginally larger investment. The only
exception is when the sole solution to the equilibrium constraint is the minimizer of v);, but

then no inefficient monopoly of violence is an equilibrium. O

A.4 Proof of Proposition 4

Proposition 4. There is a peaceful equilibrium with a balance of power if and only if ¢; +

52—7?1—'[220.

Proof. By arguments similar to those in the proof of Proposition 2, the necessary condition

for a peaceful balance of power is the existence of m; € M; and m; € M; such that

i + ¢ > pi(mg) +U5(my) — 1+t +1;. (8)

It follows from Lemma 3 and Lemma 4 that such values exist if and only if the condition of the
proposition holds. One can then construct an equilibrium analogous to the one constructed

in the proof of Proposition 2 to prove sufficiency. O

A.5 Proof of Proposition 5

Proposition 5. If there is a peaceful equilibrium with a monopoly of violence, then there is

a peaceful equilibrium with a balance of power with strictly less total coercive investment.

10



Proof. The efficient equilibrium solves the constrained maximization problem

max 1—m; —m;
™4,

S.t. @Z)l(mz)—l—wj(m]) S 1—fi—fj+éi—|—éj,

This is a concave maximization problem with a convex constraint set.?!  Because
lim,,,; 0+ ¥3(m;) = —oo, this cannot be solved with any (m;,m;) such that m; > 0 and

mj:0. O

A.6 Proof of Proposition 6

Proposition 6. The best peaceful equilibrium for player v is a monopoly of violence by i with

more coercive investment than is socially efficient, if such an equilibrium ezists.

Proof. Player i’s greatest feasible payoff from any equilibrium is

Vi(mi,mj) =1- m; — mj — RV](fj,ml) =1- 1/12(7711) — m]‘ — Ej + t_j.

Consequently, the equilibrium that is optimal for player ¢ solves the constrained optimization

2 The convexity of the first constraint follows from Lemma 2.

11



problem
min  ¥;(m;) +m;
g, 1M
st i(my) Fi(my) <1+¢+¢ —t — i,
0 <m; <y,
0<m; <yj.
Suppose a monopoly of violence by player ¢ is sustainable as an equilibrium but that the
best equilibrium for her is not a monopoly; i.e., there exists a solution m! to P1 and a
solution (m;*,m}*) to P2 such that m}* > 0. Because any solution to P1 is feasible in P2
(with m; = 0), this implies 1;(m*) < ;(m}). But this in turn implies that m; does not
solve P1 after all, as m;* is feasible in P1 and yields a lower value of the objective function.
This is a contradiction. Therefore, if a monopoly of violence by player 7 is sustainable as an

equilibrium, no other kind of equilibrium is optimal for her. O

A.7 Proof of Proposition 7

We now consider the model with economies of scale in the production of coercion, in which
the contest success function is defined by Equation 3. Let the reservation value functions
RV, (t;,m;) be defined as in the baseline model. Again defining ¢;(m;) = RV, (t;, m;) +m; +

¢; — t;, the following result follows immediately according to the proof of Proposition 2:

Lemma 5. In the model with economies of scale, there is a peaceful equilibrium with invest-

ments (my, ms) if and only if mq < y1, ma < yo, and

1/11(7711)—1-1/12(7712) S 1+51+52—t_1 —t_z. (9)

12



In case y; = y» = 1/2 and 0; = 0, = 0, then each 1); is the same function:??

exp(Om’)
exp(6m’) + exp(6m)

m/€[0,y]

¥i(m) = max { (1—m—m')—cj+fj}+m—|—cj—t_j

a exp(Om’)
= X
m'eloy] | exp(Om’) + exp(6m)

(1—m—m')}+m.

Therefore, in this special case, we have 1), = 1 = 1) and may rewrite the peaceful equilibrium

condition, Equation 9, as
P(my) +(mg) <1+ + 8 — b —fo.

Consequently, to prove Proposition 7, we must simply prove that v is strictly convex.
As an intermediate result, we prove the following property of the best response function

in the symmetric case,

exp(Om’)
Om') + exp(ém)

o) - s { mom).

m’€[0,1/2]

Lemma 6. For all m € [0,1/2],

exp(fm)
exp(0 BR(m)) + exp(6m)

(1 -=BR(m)—m) < (10)

S

Proof. Notice that

0 exp(fm’) ,
om' | exp(fm’) + exp(fm) (1—-m-m )}
B exp(Om’) 0 exp(6m) —m —m) —
= exp(gm,) i exp(@m) {exp(@m’) + eXp(Qm) (1 ) 1.

So if BR(m) < 1/2, then the claim follows automatically from the first-order conditions for

2Unlike in the baseline model, here we may use the maximum operator, as the contest

success function is continuous even at zero.

13



maximization. Therefore, it suffices to prove that BR(m) < 1/2 for all m € [0,1/2]. The

first-order conditions for BR(m) = 1/2 imply

exp(fm) I - 1
exp(0/2) + exp(fm) <§ ) = 0

By definition of BR(-), the left-hand side of this expression is maximized at m = BR(1/2).
The inequality cannot hold if BR(1/2) = 1/2, as then the left-hand side equals zero. But it

also cannot hold if BR(1/2) < 1/2, as then

exp(f BR(1/2)) 1

exp(0/2) + exp(f BR(1/2)) (2 BR(1/2>)
exp(6/2) (}

exp(0/2) + exp(§ BR(1/2)) \ 2

— BR(1 /2))

<

Y

S

where the first inequality follows directly from BR(1/2) < 1/2 and the second follows from
the first-order conditions for such a best response. Consequently, BR(m) < 1/2 for all

m € [0,1/2], proving the lemma. O
We can now prove our main result on economies of scale.

Proposition 7. Assume y; = yo and 0, = 0y in the model with economies of scale. If there
15 a peaceful equilibrium with a monopoly of violence, then there is a peaceful equilibrium

with a balance of power with strictly less total coercive investment.

Proof. We first prove that 1 is strictly convex. By the Envelope Theorem,

¥'(m) =1

exp(0 BR(m)) H ( 0 exp(Om)
exp

_ exp(6 BR(m)) + exp(fm) G BR(m)) + exp(0m) (1-BR(m) —m)+1].

14



First suppose BR(m) > 0.2 Then Equation 10 holds with equality, giving us

2exp(60 BR(m))

Yim) =1- exp(f BR(m)) + exp(fm)

=1—2p;(BR(m), m).

Because Equation 10 must also hold with equality in a neighborhood of m, we have that
pi(BR(m), m) is strictly decreasing in m here. Consequently, ¢/’ is strictly increasing at m.

Next suppose BR(m) = 0 in a neighborhood of m. Then we have

w'(m):1_{ 1 Heexp(em)

1— 1.
1+ exp(fm)| |1+ exp(fm) (L=m)+

The first expression in brackets is obviously strictly decreasing in m. For the second expres-

sion in brackets, notice that

0 0 exp(6m)
om {1 + exp(Om) (1=m)+ 1]
_ fexp(fm) 0
~ 1+ exp(Om) {1 Foxplom) - ~™ 7 1}
0 exp(6m) 0 exp(6m)
~ 1+ exp(fm) {1 + exp(0m) (L =m) = 1]

<0

Y

where the final inequality follows from Lemma 6. Once again, ¢’ is strictly increasing at m.
We conclude that v is strictly convex.
To prove the proposition, suppose there is a peaceful equilibrium with a monopoly of

violence in which m; > 0 and m; = 0. By Lemma 5, we have

¢(mz) —I—Qp(O) S 1-’-51 —f-ég —El —2?2.

ZRecall from the proof of Lemma 6 that BR(m) < 1/2.

15



As ) is strictly convex, this implies

¢(mz/2) + @/J(mz/2) <l4c+c— 'El — lTQ.

Therefore, for sufficiently small € > 0, there exists a peaceful equilibrium with m; = m; =

m;/2 — €, per Lemma 5. ]

A.8 Proof of Proposition 8

We first state and prove a lemma about the necessary condition for an equilibrium with a

monopoly of violence in the game with exit.

Lemma 7. In the game with exit, there is an equilibrium with a monopoly of violence by

player i with mobilization level m; > 0 only if

max {1 — ¢ + ;, ay; } + max {RV,(t;, m;),ay; } <1 —m,.

Proof. The strongest type of the monopolist’s conflict constraint is V;(m;,0) > 1—¢;+4;, and
her exit constraint is V;(m;,0) > ay;. Similarly, the strongest type of the subject’s conflict
constraint is Vj(m;,0) > RV;(¢;,m;), and her exit constraint is V;(m;,0) > ay;. As the

redistributive offer must satisty V;(m;,0) + V;(m;,0) = 1 — m,, this concludes the proof. [
This is the foundation for the efficiency result noted in the text.

Proposition 8. In the game with exit, if there is an equilibrium with a monopoly of violence
by player i and ay; > 1 — ¢ + t;, then this equilibrium is less efficient than would be possible

i the baseline game.

Proof. Let m; be the investment level in the most efficient monopoly of violence in the

baseline game; i.e., let m; be the minimal solution to

1—¢+t;+RV(t;,mi) —¢;+t; =1—m,.

16



If ay; > 1 — ¢ + t;, then the condition of Lemma 7 cannot hold at m;. ]

A.9 Equilibria with Conflict

The following proposition formally proves the existence and efficiency (in the limit) of the

type of equilibrium described in the text.

Proposition 9. If ¢ > 1/[2(1 + )], then there is a conditional monopoly of violence in
the symmetric two-type model. As the prior probability of a high type w approaches zero, the

expected inefficiency of this equilibrium approaches zero.

Proof. Assume the condition of the proposition holds. Let m} = 7/(1 + 7)? and m} =

72/(1+ m)2. Define the redistribution scheme as follows:
e V5(0,my) = max{l — my — RV1(0,m}),0} for all my > 0.
o Vo(my,my) = (1 —my —my)/2 for all my > 0 and my > 0.

We claim that the following strategy profile constitutes a conditional monopoly of violence

equilibrium:
e Player 1 invests m; = 0 if her type is {; = 0 and invests my; = mj if her type is t; = c.
e Player 2 invests my = mj.

e After observing m; = 0, player 2 infers for certain that ¢; = 0. After observing any

my > 0, player 2 infers for certain that ¢; = c.

e After the mobilization choice (0,m3), all types of both players participate in the insti-

tution.

After any mobilization choice (mq,m2) # (0,m3), all types of both players choose to

opt for conflict.
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The beliefs are consistent with the application of Bayes’ rule wherever possible. In the
cases where both sides choose conflict, this is trivially an equilibrium—conflict is unilateral,
so neither player’s decision is pivotal, making w; = 1 trivially a best response for each. In
the case where conflict does not occur, we have V;(0,m3) = RV (0,m3) > 0 > Wy(0,mq, t1)

for all t1, so player 1’s strategy is a best response. In addition Lemma 1 gives

BR;(m3)*  _ 1 _
RV,(0,mf) = — 220z =
) = T T e €

It is then immediate from ¢ > 0 that RV(0,m3) < 1 — m3, so we have V5(0,m}) = 1 —
m3 — RV1(0,m3). In order for player 2’s participation in the institution here to be a best
response, we must have V5(0,m3) > 1 — m} — ¢ this is equivalent to RV;(0,m%) < &, which
in turn is equivalent to the condition of the proposition.

The last step to confirm that this is an equilibrium is to confirm that each type’s invest-
ment strategy is optimal. There is clearly no profitable deviation for type t; = 0 of player 1,
as this type receives its reservation value along the equilibrium path, and any deviation would
result in conflict. There is also no profitable deviation for type t; = ¢ of player 1. Its strategy
is optimal in case of conflict, as m} = BRy(m}), and deviating to m; = 0 would result in
a payoff of RV;(0,m%) < RVi(¢,m}). Finally, we must confirm that player 2’s strategy is

optimal. In expectation the most it can receive from deviating and forcing a conflict is

sup {(1 —7) [1 — my — ¢ + 7 [pa(m], m2)(1 — m] — my) — 2¢[},

ma2

which is maximized at mg = mj. Therefore, player 2’s investment strategy is optimal as
well.

It is evident that m7 — 0 and m} — 0 as m — 0. The probability of costly conflict also
goes to zero as m — 0, as conflict occurs on the path of play only if ¢; = ¢. This proves the

second claim of the proposition. O]
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A.10 N-Player Model

To support the claim of footnote 6, we extend the baseline model to incorporate N players.
For ease of exposition, we assume the players are ex ante identical (same budgets, coercive
effectiveness, and cost of conflict) and have no private information.?* Our goal is to show
that a monopoly of violence remains inefficient in this setting. In fact, we show that the
most efficient peaceful equilibrium involves the distribution of coercive authority across all
players.

Consider the model with N players, indexed i € N = {1,...,N}. Once again, we
normalize the society’s total wealth to 1, and we assume each player’s initial share of this
wealth is y; = 1/N. At the start of the game, each player simultaneously chooses a coercive
investment m; € M; = [0,y;]. The players then observe the vector of coercive investments,
m = (m;)jen. At this point, each player simultaneously chooses whether to opt for the
institution or conflict. If every player opts for the institution,?® then each player receives

Vi(m), where Zjvzl Vi(m) = 1 — % .m;. Otherwise, if any player opts for conflict, each

24The main result of the extension, which is that an equal distribution of coercive authority
is more efficient than a monopoly of violence, would still hold with private information. We
conjecture, but have not proven, that this result would also hold with asymmetries across

players, following logic similar to what Proposition 5 establishes for the two-player case.

%The requirement that every player prefer peace over conflict in order for peace to prevail
is in line with the voluntary agreements assumption in the literature on mechanism design
and conflict, which restricts attention to equilibria in which no player receives less than her
expected payoff from fighting (Fey and Ramsay 2011). Moreover, our focus on institutional
arrangements that can garner unanimous consent is in line with our broader focus on the

conditions that sustain peace.

19



player receives her expected payoff from conflict,

Wi(m) = p;(m) [1 - ij] —c,

where ¢ > 0 is the common cost of conflict, and the contest success function is

my;
pi(m) = =x——

Zj:l m;

This is simply the N-player generalization of Equation 1, the contest success function in the
original two-player model.?

We look for peaceful equilibria of a particular form. For any natural number K < N, let
a K-oligopoly be a peaceful equilibrium in which players 1,..., K invest m; = M/K > 0,
while players K +1,..., N (if K < N) invest m; = 0. Notice that any monopoly of violence,
in which peace prevails with m; > 0 for just a single player, is a K-oligopoly with K = 1.
For tractability, throughout the analytical results in this section, we restrict attention to K-
oligopolies in which each player, if she chose to force conflict, would not exhaust her budget
in doing so. Formally, we restrict attention to K-oligopolies in which

(K —O)M (K —1)M 1
max{ e - I ,\/M—M}<N. (11)

26Some readers might wonder about the possibility of coalitions forming in the N-player
setting, thereby altering the war payoffs. First, even with coalition war, the condition we
characterize—that each player prefer the equilibrium V;(m) over fighting against all others—
remains necessary for a peaceful equilibrium. Our results show that this necessary condition,
at least, is harder to meet in a monopoly of violence than under other arrangements. Second,
if one assumes that a winning coalition divides the spoils in proportion to the members’
initial investments, then the expected utilities from our preferred contest success function

are identical regardless of the coalition structure (Skaperdas 1998, 31).
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Following the analytical results, we present a numerical example in which this condition does
not hold, and show that our efficiency result still holds up.

Our goal is to prove that a monopoly of violence is inefficient. We begin by characterizing
the necessary condition for a K-oligopoly, analogous to Equation 8 in the two-player case.
In what follows, we refer to the players who make a positive investment in a K-oligopoly
(1 =1,...,K) as the active players and to those who invest nothing (i = K +1,..., N, if

K < N) as inactive.

Lemma 8. Let K and M satisfy Equation 11. There is a K-oligopoly with total investment
M if and only if

K<1— w> +(N_K)<1—\/M)2+M§1+Nc. (12)

Proof. To prove necessity, consider an equilibrium of this form. Let RV 4 denote the reser-

vation value of an active player:

m’ (K —-1)M
RV, = sup { {1 —m' — —} - c}
4 mepoa/n L m + (K —=1)M/K

In case K = 1, the expression does not admit a maximum, and we have RV, = 1 — c.
Otherwise, if K > 1, the first-order condition implies that m’ = /(K —1)M/K — (K —

1)M/K is optimal (and feasible, by Equation 11), and therefore

RVA:<1— w> — C.

Notice that this expression also works for the K = 1 case. Similarly, each inactive player
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has a reservation value of

m/
RV; = sup { 1—m'—M}
! m’€[0,1/N] m’—{—M[ |
2

:(1—@) e

A peaceful equilibrium requires V;(m) > RV 4 for each active player and V;(m) > RV for

each inactive player. Summing these inequalities gives

N
> Vim)=1-M > KRV4+(N — K)RV/,

i=1

which is equivalent to the necessity claim. Sufficiency follows from arguments analogous to

those in the proof of Proposition 2. O

We will prove that for any K-oligopoly with K < N, there is a K + 1-oligopoly that

entails strictly less spending. The proof depends on the following algebra fact.

Lemma 9. If K > 1, then \/(K + 1)K — /(K — 1)K > 1.

Proof. As the square root function is strictly concave, we have VK > (VK + 1+vVK — 1)/2.

Consequently,

\/K<\/K+1—\/K—1>>(\/K+1+\/K_1>2(\/K+1_\/K_1):1,

as claimed. O]
We can now prove the efficiency comparison.

Proposition 10. Let Equation 11 be satisfied at (K, M) and (K + 1,M) for K < N. If
there is a K-oligopoly with total investment M, there is a K + 1-oligopoly with strictly less

total investment.

22



Proof. Consider a K-oligopoly with total investment M. By Lemma 8, there is a K + 1-

oligopoly with strictly less total investment if and only if

2

(K +1) (1— ?—ﬁ) +(N =K -1) (1= V)

<K<1— qut(]\f—f{)(l—my.

This expression is equivalent to

VE+1DEK - /(K -1K > 1,

which holds for all K > 1, per Lemma 9. ]

This result shows that monopolies of violence are in general inefficient in the N-player
model when our interior best response criterion, Equation 11, is met. We now provide a
numerical example to illustrate that this result does not depend critically on this criterion.
Consider the model with N = 10 players in which the per-player cost of conflict is ¢ = 0.392.
The most efficient monopoly of violence in this case entails m; = 0.09. This gives each
other player, if she wanted to force a conflict, an infeasible unconstrained best response
of m; = v0.09 — 0.09 = 0.21. Consequently, Proposition 10 does not cover this case.
Nevertheless, a monopoly of violence remains inefficient, as illustrated in the numerical
results in Table 1. Notice that the best responses hit the budget constraint in the efficient

K-oligopoly for all K, yet efficiency improves with K.
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=

M BR4 BR;

0.0900 N/A 0.1
0.0809 0.1 0.1
0.0799 0.1 0.1
0.0795 0.1 0.1
0.0793 0.1 0.1
0.0792 0.1 0.1
0.0791 0.1 0.1
0.0790 0.1 0.1
0.0789 0.1 0.1
0 0078 0.1 0.1

= © 00 ~J O Ui W N =

Table 1. Spending and best responses in the efficient K-oligopolies for the model with
N =10 and ¢ = 0.392.
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