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We study two different varieties of uncertainty that countries can face in international crises and establish general results

about the relationship between these sources of uncertainty and the possibility of peaceful resolution of conflict. Among our

results, we show that under some weak conditions, there is no equilibrium of any crisis bargaining game that has voluntary

agreements and zero probability of costly war. We also show that while uncertainty about the other side’s cost of war may

be relatively benign in peace negotiations, uncertainty about the other side’s strength in war makes it much more difficult
to guarantee peaceful outcomes. Along the way, we are able to assess the degree to which particular modeling assumptions
found in the existing literature drive the well-known relationship between uncertainty, the incentive to misrepresent, and

costly war. We find that while the theoretical connection between war and uncertainty is quite robust to relaxing many

modeling assumptions, whether uncertainty is about costs or the probability of victory remains important.

central concern in international relations is un-

derstanding the obstacles that prevent countries

from reaching mutually beneficial settlements in
times of conflict. Why do countries engage in lengthy wars
when the two sides would be better off if they could set-
tle their dispute without war? As an answer, the conflict
literature has long held that uncertainty and the resulting
incentive to misrepresent private information together
are a central cause of conflict among states (Blainey 1988;
Fearon 1995; Waltz 1979; Wittman 1979). One central
finding of this theoretical literature is that informational
differences regarding aspects of the bargaining process
play a key role in determining bargaining and war behav-
ior (Fearon 1995; Powell 1999; Schultz 1998; Slantchev
2003b; Smith and Stam 2006; Wagner 2000). The com-
mon theme of this work is that, because of private in-
formation, the two sides in a conflict may be unable to
identify suitable settlement terms without learning more
about each other. But because of incentives to misrepre-
sent their private information, there is no way to credibly
signal this information short of war.

One of the limitations of this body of theory, as it
exists today, is that it resembles more a collection of the-
oretical anecdotes than a systematic body of organized
reasoning linking uncertainty to the risk of costly war.
The formal literature on international conflict contains a
wide variety of modeling approaches. For example, one
class of models in this literature is characterized by the as-
sumption that actors are uncertain about the costs of war,
but these models vary widely in their description of a cri-
sis. Differences arise over the kinds of strategies available
to decision makers and the timing of interactions. Some
scholars model crisis bargaining as a war of attrition in
continuous time (Fearon 1994), others use infinite hori-
zon, alternating-offers bargaining as their model (Pow-
ell 1996), and still others use discrete choice crisis bar-
gaining games with entry (Schultz 1999). Alternatively,
sometimes a reader finds consistency in game form, but
differences in information structures. One such example
is illustrated by the ultimatum crisis bargaining model,
which has been considered with uncertainty about costs
by some (Fearon 1995), while the same bargaining model
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has been considered with uncertainty regarding the prob-
ability of victory in war by others (Reed 2003). Thus,
our collective knowledge regarding the relationship be-
tween uncertainty, the incentive to misrepresent, and war
is entangled with countless other assumptions about the
type of uncertainty, the timing of actions, the bargaining
protocol, and various other assumptions made for either
practical or substantive reasons.

While this diversity of models is not necessarily a
cause for alarm, with some regularity we discover that
central conclusions reached from the study of one par-
ticular model are overturned when new game forms are
considered. For example, Leventoglu and Tarar (2008)
show that small modifications to the timing structure of
the alternating-offers bargaining game can generate equi-
libria without the “risk-reward trade-off,” Fey and Ram-
say (2007) give a formulation of the mutual optimism
problem with private information about the probability
of winning a war but show there is no war in any equilib-
rium, and Slantchev (2003a) points to situations where
rational players fight costly wars in a bargaining model
with no asymmetric information at all. In this article, we
address this problem by taking a systematic approach to
analyzing the effects of uncertainty on the risk of war in
crisis bargaining situations and focus on the two promi-
nent forms of uncertainty faced by decision makers in
a crisis. We first consider the case where decision mak-
ers face uncertainty about the costs of war or the level
of resolve of their opponent (Fearon 1994; Powell 1996;
Schultz 1999). Alternatively, decision makers could have
uncertainty and private information about the probabil-
ity of victory in war (Smith and Stam 2006; Wagner 2000;
Wittman 1979). Our analysis shows how these types of
uncertainty influence the crisis bargaining problem.!

Assessing the effect of uncertainty, even if systemati-
cally organized into categories based on its source, is not
an easy task. In particular, there is a fundamental prob-
lem with using game-theoretic models like those found
in the literature to formulate general claims about the
role of uncertainty in international conflict. The root of
this problem is the fact that the equilibria in any specific
game are typically sensitive to the particular details of the
game form. That is, it is typically not known how far a
result that holds in a specific extensive form generalizes
to different extensive forms. This problem is magnified
in the study of international conflict. Unlike the study of
elections, say, where candidates must first declare their
candidacy, then run their campaigns, which are followed

'A recent paper by Wittman (2009) also makes a distinction re-
garding an important difference in the strategic problem when
uncertainty is about the expected outcome of war rather than costs.
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by all voters voting simultaneously on election day, there
is no “natural” game form for crisis bargaining. In a cri-
sis, who gets to make proposals? Can a state start a war
directly after its initial proposal is rejected? Can a state
start a war even if its proposal was accepted? Is bargain-
ing restricted to being bilateral or can mediators be used?
Where would such a mediator fit into the process? For
questions like these there are no clear answers, and this
lack of a “natural” game form limits the applicability of
results derived from any particular choice of game form.

With this in mind, we employ a methodological ap-
proach from economic theory called Bayesian mecha-
nism design. This approach makes it possible to analyze
the outcomes of bargaining games even when the precise
procedures used by the parties are unclear. Indeed, by us-
ing a tool known as the revelation principle along with the
constraints implied by a situation where any agreements
must be voluntary, we find that there are some general
facts about crisis bargaining that can be characterized
without reference to a specific game form. That is, we
present results that are “game-free” in the sense of Banks
(1990) and are not a consequence of particular modeling
choices.

This approach accomplishes three things. First, it al-
lows us to cut through the clutter of potentially endless
variation in the extensive form of crisis bargaining models
and establish the existence of some truly general results
for the crisis bargaining problem. Second, this approach
allows us to focus on the fundamental role that private
information plays in explaining why crisis bargaining can
break down even when countries have a common interest
in avoiding war. Without such a general analysis, it would
be difficult to compare the effects of different types of
information structures, as any results would confound
the effects of uncertainty and the effects of game form.
Third, as emphasized by Fearon (1995), just as important
as this uncertainty is the resulting incentive for countries
to misrepresent their private information. In the mech-
anism design framework, this concern is captured by an
“Incentive-compatibility” requirement that turns out to
play a crucial role in our analysis. Indeed, working with
these incentive-compatibility constraints shows that the
incentive to misrepresent plays an indispensable role in
the connection between uncertainty and war. This is most
evident in our result that peaceful equilibria can only oc-
cur when such incentives are absent.

Our analysis shows that the link between uncertainty
and war in the bargaining problem depends in impor-
tant ways on the kind of uncertainty states face. We first
consider the case in which states are uncertain about
their opponent’s costs of fighting, but there is no un-
certainty about the probability of success in war. For this
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commonly assumed type of uncertainty, we show that in
any equilibrium of any crisis bargaining game both the ex-
pected probability of war and the expected utility of each
side are weakly decreasing in the cost of war. We then
show that there exist crisis bargaining games in which
war never occurs and such games have a payoff structure
that is necessarily insensitive to the private information
of each country. The second kind of uncertainty we in-
vestigate is one in which the two sides’ values for war are
interdependent. Such interdependence arises naturally in
situations where uncertainty is about relative power, but
not costs. We show that when these costs are low, private
information and the incentive to misrepresent generate
a positive probability of war in every crisis bargaining
game with voluntary agreements. We then describe how
external subsidies from a third country or an interna-
tional organization can be used to peacefully resolve such
a conflict and again offer a characterization of peaceful
game forms. This implies that while uncertainty about the
other side’s cost of war may be relatively benign in peace
negotiations, uncertainty about the other side’s strength
in war makes it much more difficult to guarantee peaceful
outcomes.

The approach that we employ to establish these re-
sults builds on the mechanism design literature in eco-
nomics, particularly on the classic paper of Myerson and
Satterthwaite (1983) on bilateral bargaining.” However,
our application to international conflict differs from the
standard economic literature in several important re-
spects. First, it is a central facet of international conflict
that bargaining occurs between “sovereign states with no
system of law enforceable among them, with each state
judging its grievances and ambitions according to the dic-
tates of its own reason or desire” (Waltz 2001, 159). That
is, a country can, at any time, choose to use force and
there is no way a country can commit to not do so. We in-
corporate this in our formal analysis by requiring that any
agreements must be voluntary. Thus, in the international
arena, as no enforcement is possible, the type of binding
contracts that are implicitly or explicitly assumed in the
standard mechanism design literature do not exist. To be
precise, a standard assumption in the mechanism design
literature is that agents cannot back out of a contract that
they previously agreed to. Thus, participation decisions
are generally assumed to occur at the interim stage, be-
fore the terms of the agreement are finalized. In contrast,
because the lack of enforceable contracts is a fundamental

2Several recent surveys of the vast literature on mechanism design
in economics include Jackson (2003), Myerson (2008), and Baliga
and Sjostrom (2008).
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fact in international relations, we suppose that either side
can veto a potential agreement at any stage.’

A second important element of international con-
flict is that countries can learn about their opponents
through the process of negotiation (Pillar 1983; Schelling
1960; Slantchev 2003b). Specifically, we assume that a
country’s final decision about whether or not to use force
should incorporate whatever additional information it
has inferred about the opposing country through the ne-
gotiation process.* A third important difference from the
standard mechanism design model of trade in economics
is that war is always costly, and it is therefore common
knowledge that there is some peaceful settlement avail-
able that both sides would strictly prefer. This is unlike
the standard model of bilateral trade due to Myerson and
Satterthwaite (1983) in which trade is sometimes ineffi-
cient.’

In the literature on international conflict, the paper
that is closest to ours is Banks (1990). This paper uses
a game-free approach similar to ours but only consid-
ers the case of one-sided incomplete information. Banks
shows that with this information structure, all equilibria
of all bargaining games are monotonic in the sense that
the stronger the informed country is, the higher its payoff
from peaceful settlement. We show that these results only
partially extend to two-sided uncertainty. In addition,
because Banks only considers one-sided incomplete in-
formation, his analysis cannot evaluate the different con-
sequences of uncertainty about costs versus uncertainty
about relative power.

In the next section, we outline the method we use
to generate our results about the relationship between
uncertainty and war. The third section details our model,
defines what is meant by a crisis bargaining game, and ex-
plains how our analysis uses the revelation principle. The
fourth section contains our formal results, and the fifth
section provides a discussion of the implications of our
findings for theories of bargaining, war, and institutional
design. The final section concludes.

*However, see Cramton and Palfrey (1995) for a model in which
players can opt out of mechanism. This paper differs from our
project, though, because we permit actors to opt out after the
settlement is generated, instead of only beforehand.

*In the mechanism design literature, similar ideas have been dis-
cussed by Matthews and Postlewaite (1989), and Forges (1999) as
an ex post participation constraint, and Compte and Jehiel (2009)
and Fey and Ramsay (2009) as a veto constraint.

>More specifically, in the standard model of bilateral trade, efficient
trade always occurs if and only if there is common knowledge of
gains from trade.
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A Method for Game-Free Analysis

It is perhaps self-evident that in formal models, the re-
sults that are obtained depend on the assumptions that
are made in formulating the model. While this fact is well
understood, all assumptions are not equal and there is
little discussion by practitioners of formal theory regard-
ing how sensitive their results can be to the details of the
assumed game form. Often the predictions of our models
depend crucially on the precise specification of the game
we choose. In the game-theoretic literature on bargain-
ing, for example, a number of variations of the standard
alternating-offers model due to Rubinstein (1982) have
been studied.® Taken together, these variations demon-
strate that important features of the equilibrium outcome
are often highly sensitive to the exact specification of the
bargaining procedure. For example, a seemingly minor
change in who makes the first offer can have a significant
effect on the distributional outcome. Other variations, in-
cluding when disagreement leads to a costly inside option,
when players can opt out of bargaining, or when players
cannot commit to forego renegotiating their proposal af-
ter their opponent accepts, also can have significant effects
on equilibrium outcomes.

The bottom line is that consumers of current theo-
retical models are necessarily left unsure about how ro-
bust existing findings are and how much our theoretical
expectations depend on the analysis of a specific game
form.” Indeed, Powell emphasizes the importance of “the
potential sensitivity of informational accounts of war to
the bargaining environment—to the sources of uncer-
tainty and the ability to resolve that uncertainty” and
calls for “robustness checks for a particular formalization
of the bargaining environment” (2004). In order to ad-
dress these concerns, we make use of a methodological
approach from economic theory called Bayesian mech-
anism design. This approach enables us to analyze the
outcomes of bargaining games while leaving the precise
procedures used by the parties unspecified. In particu-
lar, we may ask, what possible outcomes could occur for
all possible bargaining procedures that could be used? This
seems, at first glance, to be an intractable question. It is
not even apparent how one might categorize all the dif-
ferent kinds of bargaining procedures that could be used.

So how is Bayesian mechanism design able to gener-
ate game-free results? The answer is that, through the use
of a powerful result known as the revelation principle, we

®For a survey, see the textbook by Muthoo (1999).

’Obviously, there is a trade-off between the ability to make specific
predictions and the generality of results. For a discussion of this
trade-off, see Banks (1990).
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are able to reduce the scope of our analysis from the class
of all possible Bayesian games to the much smaller class
of “incentive-compatible direct mechanisms.” In essence,
the revelation principle allows us to include the strategic
calculations and incentives to misrepresent of the bargain-
ers as part of the direct mechanism. More specifically, the
revelation principle states that the outcome of any equi-
librium of any Bayesian game is also the outcome of some
equivalent incentive-compatible direct mechanism.®

The important implication of this observation is that
any outcome achievable via any equilibrium, under any
bargaining procedure, must be attainable as the equilib-
rium outcome of an “information revelation” game in
which each player finds it optimal to truthfully reveal
his information, given the conjecture that all other play-
ers will truthfully reveal their information as well. This
is what is referred to as an incentive-compatible direct
mechanism. The revelation principle thus implies that
if all incentive-compatible direct mechanisms have some
property, then every equilibrium of every game form has
this property. More importantly for our purposes, if no
incentive-compatible direct mechanism has some prop-
erty, then no equilibrium of any game form has this prop-
erty.” In this way, the revelation principle enables us to
use direct mechanisms as a powerful tool for analyzing
strategic behavior in a wide variety of settings.

Formalizing the Approach to Crisis
Bargaining

As is customary within much of the conflict literature,
consider a situation where two states are involved in a
dispute which may lead to war. We conceptualize the
conflict as occurring over a divisible item of unit size,
such as an area of territory or an allocation of resources.
The expected payoff to war depends on the probability
that a country will win, the utility of victory and defeat,
and the inefficiencies present in fighting. We normalize
the utility of countries to be 1 for victory in war and 0 for
defeat, and we suppose there is a cost ¢; > 0 for country i
fighting a war. Thus, if p; is the probability that country
i wins the war, the expected utility for country i of going
to war is simply w; = p; — ¢;.

8A formal description of and intuition for the revelation principle
are given below. See Chwe (1999) and Baron (2000) for other
applications of the revelation principle in political science.

9We will invoke this version of the revelation principle to prove the
impossibility of peaceful resolution of disputes, regardless of the
game form.
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Atthe outset, each state has private information about
its ability to contest a war. That is, each state has private
information regarding its chance of prevailing in a war
or the costs of conducting a military campaign. For ex-
ample, a state could have unique knowledge about its
relative value for the issue of dispute (captured by the rel-
ative cost of fighting c;) or the strength and capabilities
of its military force (reflected in the probability of victory
pi). Formally, we think of each country as having a vari-
ety of possible types, where country 7’s type t; € T, € R
represents its private information. The countries have a
common prior about the joint distribution of types, given
by F(t) for type pair t = (t;, ) € T = T; x T,. In gen-
eral, we will denote country 7’s war payoff for a type profile
t by w;(¢).1°

The two countries can attempt to avoid war by resolv-
ing their dispute through some peaceful process, which
may include direct negotiations, bargaining, threats, me-
diation by a third party, or some other interaction. What-
ever settlement procedure is available in a given instance
could then, in principle, be described (abstractly) by a
game form G which is composed of a set of actions for each
country, A; and A, and an outcome function g(ay, a;)
for a; € A; and a; € A;. It is worth emphasizing that
this game form can be anything from a simple strategic
form game to an arbitrarily complicated extensive form.
We denote a pair of actions (a;, ;) bya € A= A; x A,.
Thus, a game form defines the actions available to the
countries (e.g., what negotiation tactic to use, etc.) and
how those actions interact to determine outcomes.

A crisis bargaining game is a game form in which
the final outcome is either a peaceful settlement or an
impasse that leads to war.!! Thus, we can decompose the
outcome function g(a) of a crisis bargaining game into
two parts: the probability of war w8 (a), and, in the case
of a settlement, the value of the settlement to country
1, v8(a). We will assume that any potential settlement
is efficient and therefore the value of the settlement to
country 2 is given by 1 — v8(a). We sometimes write
vig (a) for the value of the settlement to country i. With
this structure, it is easy to see that the payoff to country i
of an action profile a is given by

u;(a, t) =m8(a) - w;(t) + (1 — Trg(a))vf(a). (1)

In words, the payoff to country 7 is the probability of a war
times the payoff of war plus the probability of a peaceful
settlement times the value of a peaceful settlement for

0For simplicity we assume that F(¢) has full support. That is, the
support of F(¢) is equal to T.

'Here a settlement can involve either a peaceful redistribution of
whatever is being contested or continuation of the status quo.
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an action profile a. As in the canonical take-it-or-leave-it
bargaining game studied by Fearon (1995), the private
information of the two sides only affects payoffs in the
case of war. That is, the terms of a peaceful settlement
are determined by the actions of the two sides in the
bargaining game and, in the case of peace, it is only these
terms that determine the countries’ payoffs and not their
private information about their war-fighting ability.

Of course, a country’s private information can affect
its behavior at the bargaining table. Formally, the actions
taken in the game can depend on the countries’ types, and
we reflect this fact by defining a strategy for country i by
a function s; : T, — A;. The set of all possible strategies
for state iis S; and welet (s1,s,) =s € S = §; x S,. The
equilibrium concept we employ is Bayesian-Nash equilib-
rium. In particular, a strategy profile s* is a Bayesian-Nash
equilibrium if each type of each player is playing a best
response to the strategies used by the other players. For
a given equilibrium s* of G, define U;(t;) to be the ex-
pected utility of this equilibrium for a type #; of country
i. Analytically, we let

U = [ s o) 0dEG 1, @
J
where i # j and u;(a, t) is given by equation (1).!?

In the remainder of this section, we formalize the
method of game-free analysis and discuss how to ap-
ply this method to crisis bargaining games. We begin by
linking the game form and the information structure de-
scribed above in the following way. Fix an equilibrium
s* to the overall game. For a type pair ¢t = (#, ), this
equilibrium generates an equilibrium probability of war
w(t) = m8(s*(¢)) and an equilibrium value of settlement
to country i, v;(t) = vf(s*(t)). As peaceful settlements
are efficient, the equilibrium value of settlement to coun-
try 2 satisfies v,(#) = 1 — v;(#). The functions (¢) and
v;(t) form what is called an equivalent direct mechanism,
which can be understood as nothing more than a new
game in which each country’s available actions are lim-
ited to reporting one of its possible types and outcomes
are determined using (¢) and v(#). If it is an equilibrium
for all types to “tell the truth” by sending a report equal
to their type in this game, then we say that the direct
mechanism is incentive-compatible.

With these definitions it is now possible to formally
state the revelation principle.

Result 1 (Myerson, 1979). If s* is a Bayesian-Nash equi-
librium of the crisis bargaining game form G, then there

12Here, and throughout the text, we suppose that all the functions
we consider are measurable and thus we take all integrals to be
Lebesgue integrals.
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FIGURE 1 Example of the Revelation Principle: A
Simple Crisis Game

Status quo

0,1

Back down
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Capitulate

p—c,l—p—c

exists an incentive-compatible direct mechanism yielding
the same outcome.

To understand the intuition of the revelation princi-
ple, consider the simple extensive form game in Figure 1.
This game has two players, country 1 and country 2, and
is similar in nature to the crisis subgame in Bueno de
Mesquita and Lalman (1992). To start, country 1 decides
whether to accept the status quo or make a challenge.
If country 1 challenges, then country 2 can capitulate,
giving in to country 1’s demand, or resist. If country 2
resists, country 1 decides whether to repeal its challenge
and back down, or to fight—leading to war. This de-
scribes the outcome function g of this game. If a war
occurs, then country 1 wins with probability p; = p
and country 2 wins with probability p, =1 — p. Each
country also pays a cost of war. In this example, there
is two-sided uncertainty: each country’s cost of war is
private information and can take on one of two val-
ues, ¢; or ¢y, with ¢, > ¢; > 0. For each country, the
prior probability that ¢; = ¢, is given by . For sim-
plicity, we focus on the case in which ¢; is small and ¢},
is large. Specifically, we assume that ¢; < min{p, 1 — p}
and ¢, > max{(1 — p(1 —m))/(1 — ), p}.

Now consider the following pair of strategies for the
two countries. For country 1, both types make a chal-
lenge and if country 2 resists, then the high-cost type
backs down and the low-cost type fights. For country 2,
after country 1 challenges, the high-cost type capitulates
and the low-cost type resists. Note that as described above,
these strategies describe what actions each type of each
country takes. It is easy to verify that under the assump-
tions on the parameters given above, this pair of strategies

is an equilibrium of this game. Thus we denote this pair
of strategies by (s7(#1), s5()).

We now construct the equivalent direct mechanism
for this equilibrium. As each country has two types, a
high-cost type and a low-cost type, in the direct mecha-
nism each country simultaneously chooses to report one
of these two types, which we denote H and L. As the
direct mechanism is just a strategic form game formed
by these simultaneous choices, the only other thing we
need to specify is what outcomes are assigned to these
choices. This is accomplished via an outcome function
for the direct mechanism equal to g(s*(#, t,)), for all
the possible reported type profiles (#, ). In order to
see how this works in our example, consider the profile
(H, H) in which both countries report they are the high-
cost type. The direct mechanism assigns the outcome
“Capitulation” to this combination. Why? Because in the
equilibrium of this example the high-cost type of coun-
try 1 challenges the status quo and the high-cost type of
country 2 capitulates to this challenge. In other words, the
direct mechanism assigns the outcome that would occur
if the specified pair of types plays the equilibrium strategy
in the original game. In the same way, the direct mech-
anism assigns the outcome “War” to the profile (L, L),
“Capitulation” to the profile (L, H) and “Back Down”
to the profile (H, L). Using the payoffs from the game
tree, we can complete the direct mechanism as given in
Figure 2. In this case, because each side has two possible
types, the direct mechanism is just a 2 x 2 strategic form
Bayesian game.

The revelation principle is a statement about equi-
libria of a direct mechanism. Specifically, the princi-
ple says that in the direct mechanism we construct for
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FIGURE 2 Equivalent Direct Mechanism
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a given equilibrium of a given game, truth-telling is a
Bayesian-Nash equilibrium, and it leads to the same out-
comes as the original equilibrium in the original game.
To see that this is true in our example, consider the direct
mechanism given in Figure 2. To show that every type
reporting truthfully is an equilibrium, consider country
1, assuming that country 2 is reporting its type truthfully.
Then for the low-cost type of country 1, reporting L gives
expected utility (1 — w)(p — ¢;) + w(1), while reporting
H gives expected utility (1 — )(0) + (1). Thus, report-
ing Lis optimal if ¢; < p. Similarly, for the high-cost type
of country 1, reporting H is optimal if ¢, > p. As both
of these conditions hold given our assumptions on the
parameters, it is optimal for country 1 to report its type
truthfully, given that country 2 is doing so. In a similar
mannetr, it is easy to check that truth-telling is optimal for
country 2, given this behavior by country 1 in the direct
mechanism. Finally, it is clear that the outcome in the
direct mechanism is the same as the outcome in the equi-
librium of the original game by the way that the direct
mechanism is constructed.

The construction of the direct mechanism for this ex-
ample offers insight into how we use the revelation prin-
ciple in this article. As mentioned above, because each
country has two possible types, the direct mechanism for
the equilibrium in our example is a 2 x 2 strategic form
Bayesian game. But as the method of construction makes
clear, as long as each country has two possible types,
the direct mechanism of any equilibrium of any extensive
form, no matter how complicated, willbea 2 x 2 strategic
form Bayesian game. Thus, the revelation principle allows
us to make statements about all equilibria of all extensive
forms, no matter how complicated, by analyzing the set of
possible direct mechanisms, which in this case is just the
set of 2 x 2 strategic form Bayesian games with the given
outcomes. In this way, we can use the revelation princi-
ple to learn about arbitrarily complex games by studying
the much simpler class of direct mechanisms. Of course,
we do not limit ourselves to models with only two types.
Also, we will most often make use of the contraposi-
tive of the revelation principle which says that if some
distribution of outcomes—say, always peace—is not an
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equilibrium to any direct mechanism, then it cannot be
an equilibrium to any other extensive form game either.

Thus, by using the revelation principle, we can study
equilibria that satisfy incentive-compatibility constraints
in direct mechanisms and use our findings to establish
general results about properties of equilibria in all possi-
ble crisis bargaining game forms. Before doing so though,
we discuss three important qualitative properties of cri-
sis bargaining that play a significant role in our later
analysis.

First, given the anarchic nature of the international
system, any peaceful agreement reached must be volun-
tary. In particular, we suppose that a country always has
the option of rejecting a proposed settlement vé(a) if
it thinks it will be better off by resolving the crisis by
force. The form of this rejection can literally be the use
of military force or it can be an escalation of the crisis
which either leads to war or to the other side capitulating.
Whichever is true, this feature of the bargaining context
ensures each side can act in such a way that the outcome is
either war or a voluntary settlement that that side prefers
to war. Formally, we say a crisis bargaining game form has
voluntary agreements if, for i # j, there exists an action
d; € A;such that either m€(d;, a;) = 1foralla; € A;or
forall t € T, vf(d;, aj) > w;(¢)."* Put simply, in a crisis
bargaining game form with voluntary agreements, there
is no way to force a country to accept an agreement that
makes it worse off than it would expect to be by going to
war.

A second important observation about crisis bargain-
ing is that the process of bargaining has the potential
to reveal, to a greater or lesser extent, the private infor-
mation of the bargainers. Of course, a country should
incorporate this additional information into its decision
whether to reject a proposed settlement in favor of using
force. To capture this formally, we let w;(v;, ;) be coun-
try i’s updated belief about the type of country j after
observing the settlement offer v;.1* As is standard, we as-
sume that this belief is formed via Bayes’ Rule, whenever
possible.

3For an example of such an action, consider the take-it-or-leave-it
bargaining game of Fearon (1995). For country 1, the action a4,
consists of demanding the whole pie. This demand will either be
rejected, leading to war, or accepted, which results in a payoff that
is higher than country 1’s war payoff. Likewise, for country 2 in
this game, rejecting any offer leads to war, which thus satisfies the
definition. So this game has voluntary agreements.

" Although additional information may be revealed by the spe-
cific actions taken by countries in a specific game, we focus on
the information revealed by the final settlement offer because this
information will be available in all crisis bargaining games. Incor-
porating the additional information possible revealed in a specific
game would only strengthen our results.
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Combining this updating with our assumption on
voluntary agreements, it is easy to show the following
result is a consequence of the revelation principle.!®

Result 2. Suppose that s* is an equilibrium of a crisis
bargaining game form that has voluntary agreements. Then
there exists an incentive-compatible direct mechanism such
that v;(t) > E[w;(t) | wi(vi, ;)] for all t € T such that
(t) # 1.

The intuition for this result is straightforward. Re-
ferring back to equation (1), we see that in a game form
that has voluntary agreements, if w8 (s*(¢)) # 1, then this
condition simplifies to the requirement that the equi-
librium settlement value to country i must be at least
as big as the expected war payoff to country i. That is,
when faced with a settlement offer v;, all types of coun-
try 7 have the option of playing 4; and receiving a payoff
of E[w;(t) | wi(v;, t;)]. Therefore if s* is an equilibrium
and w(t) = w&(s*(¢)) < 1 for some t = (4, &), it must
be that this deviation is not profitable, which is true only
if v;(t) > E[w;(t) | wi(v;, t;)]. In other words, if agree-
ments are voluntary and the unilateral use of force is
always an option, any negotiated settlement must give
each country a payoff at least as large as the payoff that
it expects to get from settling the dispute by force, given
what it has inferred about its opponent as a consequence
of the negotiations. As an example, refer back to Figure 1.
This game satisfies our voluntary agreements condition.
Therefore, it is easy to verify that, given our assumptions
on ¢y, both players receive at least their war payoff in each
cell of the direct mechanism in Figure 2.

The third and final observation that we incorporate
into our analysis is the simple fact that war is costly. Be-
cause of this, we are interested in whether private informa-
tion makes war unavoidable or whether there can be cases
in which countries always arrive at peaceful settlements.
Formally, an equilibrium s* of a crisis bargaining game
form is always peaceful if w8(s*(¢t)) =0forallt € T.In
other words, an always peaceful equilibrium of a game
form is one in which no possible pair of types ever ends
up abandoning a peaceful resolution of the dispute and
resorting to force. Adding this requirement to Result 2
gives our final result.

Result 3. Suppose that s* is an always peaceful equilib-
rium of a crisis bargaining game form that has volun-
tary agreements. Then there exists an incentive-compatible
direct mechanism such that for all t € T, w(t) =0 and
vi(t) = E{w;(t) | wi(vi, )]

15This result contains our version of what is usually known as the
individual rationality constraint or the participation constraint.
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The importance of this result is that if we can
show that for a given information structure there is no
incentive-compatible direct mechanism with these prop-
erties, then no always peaceful equilibria exist in any crisis
bargaining game form that has voluntary agreements.

We conclude this section by presenting a lemma that
will be useful in deriving the general results presented in
the next section. This lemma is a direct consequence of
the revelation principle applied to crisis bargaining games
with independent types. Formally, we say that types are
independent if there exist distributions F; and F, on T;
and T, respectively, such that F(¢) = F;(#)F,(t,) for
everyt e T.

Lemmal. Supposetypesareindependentand T; = [t;, §].
Suppose also that w;(t) is continuously differentiable in
and t,. Let G be any crisis bargaining game form and let
s* be any equilibrium of G. Then U;(1;) is continuous, is
differentiable almost everywhere, and can be expressed as

Ui(t) = tf,-(_ti>+/i/ s, 1))
L Jr

dw;
x a—lj(s, ;) dF;(t;) dFi(s),

where w(t) = w8 (s*(1)).

Proof. Suppose that s* is an equilibrium of a crisis
bargaining game form. Then by Result 1, there exists
an incentive-compatible direct mechanism yielding the
same outcome as s*. This direct mechanism is given by
w(t) = w&(s*(¢t)) and v;(t) = vf(s*(t)). Therefore the
expected utility of type #; from equation (2) can be written

Ui(t) = / w(t, t)wi(t, t;)
T;

+ (1 —m (4, t;)vi(t;, t;) dF(¢;)
and the expected utility of falsely reporting a type 7 is
Uit | ) = / (%, tj)w;(L, t;)
j
+ (1 = w(%, t;)vi(%, t;) dF (¢;).

Clearly, Ui(;) = Ui(t;|t;). Moreover,
compatibility requires that for all ; € T;,

incentive-

Ui(ti | 1) = Ui(5 | 1),
which is the same as

Ui(t)) = Ui(ti | ) = max Ui(ti | ).

i€ 1

Now, viewing U;( | t;) solely as a function of #;, be-
cause w; is differentiable in ¢, it follows that U;(% | t;)
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is differentiable in # and because w; is continuously dif-
ferentiable on a compact set, this derivative is bounded.
This implies that U;(% | ;) is absolutely continuous in
t;. Therefore, the Envelope Theorem (Milgrom and Se-
gal 2002, Theorem 2) gives us that U;(#) is absolutely
continuous and

dU;(t;)  aUi(% | 1)
d, 04

ti=t;

~ ow;
=/w(ti,tj>—<ti,tj>d1:j<rj>
. ot

! fi=t;

at every point of differentiability. Evaluating this expres-
sion at % = t; yields the desired result. O

Results

In this section we establish several general results that
hold for every crisis bargaining game that has voluntary
agreements. Before doing so, though, we must identify the
appropriate information structure for our analysis. His-
torically, the conflict literature has held that uncertainty
is a central cause of conflict among countries, but has
varied with respect to the type of uncertainty it views as
important. Some scholars focus on uncertainty about the
relative strength of the countries (Blainey 1988; Organski
and Kugler 1980) while others concentrate on uncertainty
about the costs of conflict or the resolve of countries (Kydd
2003; Morrow 1985; Ramsay 2004; Schultz 1998).

In particular, we focus on two kinds of uncertainty:
uncertainty about the costs of war and uncertainty about
the distribution of power. These various sources of uncer-
tainty correspond to significantly different informational
structures with important implications for strategic in-
teraction in a crisis. Uncertainty about costs implies that
the values of war to each country are independent, in
the sense that one country’s realized preference for fight-
ing does not directly affect another’s utility for fighting.
Alternatively, the international system may produce un-
certainty about the relative strength and the probability of
victory. In this situation, the countries’ values for war are
interdependent, although information remains uncorre-
lated.

Uncertainty about the Cost of Conflict

We first consider the case in which each country is un-
certain about the other’s cost of fighting, which is also
often interpreted as a country’s level of resolve (Fearon
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1994; Schultz 2001) or preference for fighting.'® From a
theoretical perspective, this is a situation with uncertainty
about independent private values for war. That is, the re-
alization of one state’s resolve, or relative cost of war, does
not directly influence the utility of the other side. A classic
example of crisis bargaining with uncertainty regarding
resolve occurred between Germany and the United King-
dom in the 1930s. While relatively well informed about
the distribution of power in Europe and Germany’s mil-
itary armaments, the British Foreign Office was unsure
about Hitler’s intentions and how far he would go to
achieve his territorial goals (Yarhi-Milo 2009).

To model uncertainty about costs formally, we sup-
pose that the probability that country 1 wins a war, p,
is common knowledge but there is uncertainty regard-
ing each country’s cost for fighting, ¢;. In this setting,
suppose country i’s type, ¢; € [¢;, ¢;] = Cj, is its cost of
war, which is distributed according to a caumulative distri-
bution function F;(c;), with support C;.!” War is costly,
so we assume that ¢; > ¢; > 0. Denote a pair of types
(c1,c0)=ce C=C; xC,.

We begin our analysis of this information structure by
identifying some qualitative features of equilibrium play
in crisis bargaining games with uncertain costs. Often,
such qualitative features are central components in the
analysis of a particular model. For example, in the classic
take-it-or-leave-it bargaining model of conflict (Fearon
1995), it is possible to show that the expected probability
of war is weakly decreasing in the cost of war for both
countries. The following result demonstrates that this
qualitative feature of this specific model is completely
general—it will hold in any equilibrium of any crisis bar-
gaining game with uncertainty about the cost of conflict.
The result also shows that a similar conclusion can be
reached about the overall expected utility of each coun-
try. For country i, define the expected probability of war,
given strategy profile s, by

M(e) = Ewgm):/ 78 (s(c, ¢;)) dF(c)).

C)
Also, recall that the expected utility of this strategy profile
is given by

161t is often the case that uncertainty about costs is said to also
model uncertainty about “resolve,” where resolve is loosely defined
as how much one side “cares” about the issue or item of dispute.
The equivalence comes from the fact that, if costs are known, but
the value of the prize is unknown, we can normalize the value of
the prize, generating a new “relative cost” ¢/v; which is a privately
known value.

17Because the private information of country i is the cost of war,
here we use the notation ¢; rather than ¢ for the type of country i.
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Ui(ci) = / ui(s(ci, cj), ¢;) dF(c;).
Cj

We then have the following proposition.

Proposition 1. Suppose costs c; are private information,
but each country’s probability of winning a war is common
knowledge. Let G be any crisis bargaining game form and
let s* be any equilibrium of G. Then Il(c;) and Uj(c;)
are both weakly decreasing in c; and differentiable almost
everywhere, and U;(c;) is continuous in c;.

Proof. Suppose that s* is an equilibrium of a crisis
bargaining game form. Then by Result 1, there exists
an incentive-compatible direct mechanism yielding the
same outcome as s*. This direct mechanism is given by
T(c) = w8(s*(c)) and v;(c) = vf(s*(c)). Therefore the
expected utility of type ¢; from equation (2) can be writ-
ten

Ui(ci) = / w(ci, ¢;)(pi — ¢i)
Cj
+ (1 —m(ci, ¢j))vi(ci, ¢j) dFi(c;)
and the expected utility of falsely reporting a type ¢; is
Ui(Eilci) = / (¢, ¢j)(pi — ¢i)
Cj
+ (1 — 7 (&, c;)vi(&;, cj) dFi(c;).

Incentive-compatibility requires that for all ¢;, ¢; € C;,

Ui(cilei) 2 Ui(Eilc;) and  Ui(Ei | &) = Uici | ).

Adding these two inequalities and simplifying yields

J

w(ci, ¢;)(pi — ¢i) —/ w(ci, ¢;)(pi — €i)

Cj

Z/ "T(Eiacj)(Pi_Ci)_/ (¢, c;)(pi — &)
c C;

j j

j

/ w(ci, ¢;)(¢; — ¢;) dFi(c;)
J
> / (i, ¢;)(¢; — ¢;) dFi(c;).

Cj
From this, it follows that if ¢; > c;, then IT(c¢;) > I1(¢;)
and so I(c;) is weakly decreasing. In addition, as it is
monotonic on a closed interval, it is differentiable almost
everywhere.

We now focus on Uj(c;). As w; = p; — ¢; is contin-
uously differentiable in c;, it follows from Lemma 1 that
Ui(c;) is absolutely continuous and therefore continuous
and differentiable almost everywhere. To show that U;(c;)
is weakly decreasing, take ¢; < ¢; and apply Lemma 1 to
get
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Ui(e) — Ui<c,->=/ / (=(s, ¢;)) dF;(c;) ds.
Ci Cj

As (c) is always nonnegative, it follows that U;(c;) >
Ui(¢c)). O

Thus, monotonicity of utility and the probability of
war are general qualitative characteristics of any equilib-
rium of any game with uncertainty about the costs of
war.!® Tt is then interesting to observe that this mono-
tonicity is borne out in a number of well-known, and
quite different, models of crisis bargaining. For exam-
ple, in the alternating-offers bargaining model of Powell
(1996), it is straightforward to deduce from his Lemma 3
and Proposition 1 that the probability of war is deceasing
in each player’s cost of war. Similarly, the war of attrition
model in Fearon (1994) has a monotone probability of
war. From Proposition 2 in Fearon (1994, 584) we can see
that a country with a low cost of war chooses to wait to
some time ¢ and then fight, while a country with a high
cost waits for some time and then quits. The probabil-
ity of war goes from positive in the first case to zero in
the second. Finally, we can consider the model in Schultz
(1999). In this model the probability of war is also a step
function, which is positive when a country has a low cost
of war but is zero when costs are large.

These types of comparative statics represent testable
predictions that are robust to the particular formaliza-
tion of crisis bargaining, as advocated by Powell (2004).
Moreover, as this result depends only on the incentive
compatibility constraints inherent in the revelation prin-
ciple, it holds for all crisis bargaining games, even those
without voluntary agreements. In this way, we see that the
monotonicities identified in the proposition are purely a
consequence of the incentives to misrepresent private in-
formation that are fundamental to the crisis bargaining
environment.

In addition, this result shows that in any equilibrium
of any crisis bargaining game, two types of a country with
similar costs must receive similar expected utility in equi-
librium. Thus a small change in the private information
of the country leads to a small change in its expected
payoff. This is a feature that is commonly found in “cut-
point” equilibria of Bayesian games, but it is present here
with no explicit assumption on the form of equilibrium
strategies.

Of course, in a peaceful equilibrium the probability
of war is constant at zero, which satisfies Proposition 1

18See Banks (1990) for additional monotonicity results that hold
in Bayesian games with one-sided incomplete information. Un-
fortunately, these additional results do not extend to the case of
two-sided incomplete information studied here.
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in a trivial way. We now turn to inquiring about the
characteristics of such equilibria. We begin with a simple
existence result.

Proposition 2. If costs c; are private information, but each
country’s probability of winning a war is common knowl-
edge, then there exists a crisis bargaining game form that
has voluntary agreements in which an always peaceful equi-
librium exists.

Proof. To prove this result, it is enough to give an exam-
ple of a game form that has voluntary agreements and
that has an always peaceful equilibrium. The following
very simple example shows that this is indeed the case.
Consider a game form that has voluntary agreements such
that g/(a) = p; for all a € A and w€(a*) = 0 for some
a* € A.In this case, the strategy profile s*(¢) = a* is an
equilibrium because if either side deviates and starts a
war, then both sides are worse off and if either side de-
viates to a different peaceful action, then the settlement
amount does not change. Moreover, this equilibrium is
always peaceful by construction. U

This proposition shows that there exists at least one
game form that has voluntary agreements and that can
eliminate the possibility of war. The game form described
in the proof has a particularly simple payoff structure in
which the potential settlement is always equal to a coun-
try’s (commonly known) likelihood of success from war.
One example of such a game form would be a direct “arbi-
tration” game in which an arbitrator would present both
sides with a take-it-or-leave-it offer. Since this agreement
would make both sides better off, regardless of their costs
for fighting, it would provide a rational and preferable
alternative to war.!” While a single example is sufficient
to prove existence, it would be incorrect to conclude that
this arbitration game is the only model with uncertainty
about costs and voluntary agreements that has a peace-
ful equilibrium. For example, one kind of equilibrium
studied in the alternating-offers model of Leventoglu and
Tarar (2008) has uncertainty about costs and zero proba-
bility of war. Interestingly, Leventoglu and Tarar observe
that a puzzling feature of the standard alternating-offers
bargaining model of war is that a country cannot go to
war in a period in which it makes a proposal, and when
such behavior is allowed peaceful equilibria emerge.

At some level, though, the mere existence of game
forms with peaceful equilibria is not a very satisfying
result. It only tells us that a peaceful equilibrium is theo-

Y1In this sense, our result lends hope to institutional designers that
the problem of war is solvable, at least in the case of uncertainty
about costs or “resolve.”
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retically possible; it is not a general result about the pos-
sibility of war that applies to all possible crisis bargaining
games. Put another way, Proposition 2 establishes that
the common understanding in the literature that incom-
plete information about costs leads to the risk of war is
not always true; there exist instances where it does not
hold. However, without a better characterization of equi-
librium incentives, we do not know if this case is just an
isolated exception or if peaceful equilibria are the norm
and the conventional view on the link between incomplete
information and war must be rethought.

In light of this, we present a general characteriza-
tion of peaceful equilibria in all possible crisis bargaining
games that have voluntary agreements. For country 7, de-
fine the expected settlement value from action a;, given
strategy s, by

Evi(ai|sj) = / v¥(ai, sj(c;)) dFj(c;).
j
The following proposition gives a necessary condition for
the existence of an always peaceful equilibrium.

Proposition 3. Suppose costs c; are private information,
with C; = [0, ¢;], but each country’s probability of winning
a war is common knowledge. Let G be any crisis bargaining
game form that has voluntary agreements. Then an equilib-
rium s* of G is always peaceful only if, for i = 1,2, (1)
Evi(si(ci) | st) = pi for all ¢; € G, (2)Evi(a;| sT) <
pi for all a; € A; and (3) vig(s*(c)) > p; —¢; for all
ceC.

Proof. Suppose that s* is an always peaceful equilib-
rium of a crisis bargaining game form that has voluntary
agreements. Then by Result 3, there exists an incentive-
compatible direct mechanism such that (¢) = 0 and

vi(c) > E[w;i(c) | wi(vi, ¢;))] = pi —¢;

forall ¢; € C;and i = 1, 2. Here, E[w;(c) | pi(v;, ¢;)] =
pi — ¢; because the value of war to country i does not
depend on the value of ¢;. This direct mechanism is given
by w(c) = w8(s*(¢)) and v;(¢c) = vf(s*(c)).

Because (c) = 0, applying Lemma 1 yields U;(c;) =
U;(0) for all ¢; and therefore U;(c;) = fcj vi(ci, cj)
dFj(c;) is constant in ¢;. In addition, because the con-
straint v;(c) > p; — ¢; must hold for ¢; = 0, we have

/ vi(ci, ¢j) dFj(c;) =f v;(0, ¢;)dF;(c;) = pi,
Cj ¢j

forall¢; € C;, i = 1, 2. To show that this expression must
hold with equality, suppose not. Then
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/ f [01(6) + v2(e)] dFa(c2) dFy (cr)
C JC

:/ / vi(c) dFy(cy) dF,(c)
alo

+ / / 02(¢) dFy (1) dF>(c)
Cy, JCy
>/ dez(Cz)-l-/ (1 — p)dFi(c1)
C C
=p+0-p =1

But as peaceful settlements are efficient, v;(¢) + v(c) =
1forall ¢ € C and therefore we have a contradiction. This
proves statement (1) of the proposition. The remaining
two statements follow directly from the assumption that
s* is an equilibrium and thus no profitable deviation is
possible. (]

This proposition shows that the simple payoff struc-
ture used in the proof of Proposition 2 is, in fact, a gen-
eral property of peaceful equilibria. Every peaceful equi-
librium must have this same simple payoff structure in
which the terms that a country accepts are completely in-
sensitive to the costs or resolve of the country. High-cost
and low-cost countries (and all types in between) must
receive the same expected settlement value. The most nat-
ural example of a strategy profile that would generate such
insensitivity is a (completely) pooling strategy, in which
all types of a country choose the same action.”® A general
lesson from this result, then, is that peaceful equilibria
must be “simple” equilibria that do not depend on the
private information of the countries. That is, an always
peaceful agreement necessarily depends only on publicly
observable information and cannot vary in response to
the privately known costs or resolve of countries.

We can better understand the general idea of this
characterization of peaceful equilibria by observing that it
is the generalized expression of the well-known incentive
to misrepresent private information. It is this incentive
that prevents countries from resolving their uncertainty
by way of “cheap talk” communication prior to bargain-
ing (Fearon 1995). Proposition 3 shows that this same
incentive forces peaceful equilibria to be completely in-
sensitive to the private information that countries possess.
This follows because if a peaceful equilibria did provide
different expected settlements to different types, the type
getting the worse settlement would have an incentive to

2Tt would be very useful if this result implied that completely pool-
ing equilibria were the only type of peaceful equilibrium possible.
However, it can be shown that there also exist nonpooling strate-
gies with the property that, in expectation, the payoff to settlement
is constant and that therefore satisfy the conditions given in the
proposition. Details of this example are available from the authors.
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mimic the behavior of the type getting the better settle-
ment. Such a deviation is profitable because in a peaceful
equilibrium the discipline generated by the risk of war
does not exist, which means we could not have had an
equilibrium that responds to the countries’ private infor-
mation.

It is immediately clear from this general lesson that
because many examples of crisis bargaining games in the
literature have equilibria that do not conform to this sim-
ple payoff structure, these examples support the common
understanding that incomplete information about costs
leads to war. Indeed, given the severity of the necessary
condition that strong types receive the same expected set-
tlement as weak types, it does seem intuitively clear that
many game forms will fail this necessary condition. In
fact, we can strengthen this observation into the follow-
ing necessary and sufficient condition:

Corollary 1. Suppose costs c; are private information, but
each country’s probability of winning a war is common
knowledge. Let G be any crisis bargaining game form that
has voluntary agreements and let s* be any equilibrium of
G. Then U;(c;) # U;(¢;) for some c;, ¢; € C; ifand only if
there is a positive probability of war in equilibrium.

Proof. The “if” direction follows directly from the argu-
ment in the proof of Proposition 3 that U;(c;) is constant
in ¢; if the equilibrium is peaceful. To show the other di-
rection, suppose U;(¢;) = U;(¢;) forall ¢;, ¢; € C;. Then
by Lemma 1,

Ui(¢;) — Ui(ci) = /Ci/ (—m(s, cj)) dFj(cj)ds =0,
Ci Cj

for all ¢;, ¢; € C;. This implies that w(c) is zero almost
everywhere. The result follows. 0

In other words, this corollary establishes that two
types can have different expected utilities ifand only if war
occurs with positive probability. If we interpret private in-
formation about costs as a country’s “resolve,” then this
result can be stated more clearly in the following form.
Crisis bargaining games in which more resolved coun-
tries expect to be better off than less resolved countries in
equilibrium are those with a positive probability of war.
Put another way, this result shows that the only way that
countries stand to gain from their resolve is through run-
ning the risk of war, as in the well-known “risk-reward”
trade-off.

As an illustration of Proposition 3 and Corollary 1,
we briefly return to the model of Leventoglu and Tarar
(2008). As mentioned above, their analysis considers an
extension of the alternating-offers bargaining model with
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one-sided uncertainty about costs that allows both coun-
tries to choose war in any period. In the always peace-
ful equilibrium to their game, either both types accept
the initial offer or both types reject this initial offer and
make the same counteroffer, which is accepted. In either
case, the payoff of two types is the same, as required by
Corollary 1.

This model also allows us to demonstrate how
Proposition 3 and Corollary 1 can be used to charac-
terize equilibria outcomes of games. At the end of their
paper, Leventoglu and Tarar consider what would hap-
pen if their game had two-sided incomplete information
with a continuum of types. While they do not attempt
to solve this version of their model, they conjecture that
a peaceful equilibrium would exist and suggest that the
agreement would likely be on the division (p, 1 — p), per-
haps after some delay. Our results allow us to address these
conjectures directly, without actually solving the model.
Suppose that the two countries’ costs are drawn from the
interval [0, ¢;] in this model. Then Proposition 3 tells us
that if a peaceful equilibrium like Leventoglu and Tarar
describe exists, the expected value of settlement for every
type pair of the two countries must be (p, 1 — p). More-
over, as these expected values sum to one for every type
pair and future payoffs are discounted, it must be that in
any peaceful equilibrium the game ends with an accepted
offer in the first round, with probability one. Thus we
can confirm the conjecture that the peaceful settlement
willbe (p, 1 — p) and, additionally, demonstrate that this
settlement will occur without delay in the bargaining.?!
In this way, the results in this section can offer significant
insight into equilibrium behavior of complex games with
general uncertainty without actually doing the hard work
of solving these games.

Uncertainty about Relative Strength

While the previous section dealt with the case of un-
certainty about the costs of conflict, in this section we
deal with a second source of uncertainty that has received
significant attention in the literature—uncertainty about
the distribution of power and the likelihood of success in
war. In this case, countries are assumed to be informed
about their opponent’s relative cost of fighting, but are
uncertain about the likely outcome of conflict. In partic-
ular, countries have private information about the quality

Tt is worth noting that Leventoglu and Tarar (2008) consider the
case where costs are bounded away from zero, i.e., ¢; is in the
interval [¢;, ¢;], ¢; > 0. Our characterization will hold as long as
there is positive density, although it can be arbitrarily small, on
costs in the interval [0, ¢;].
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of their military or their combat strategy that leads each
side to hold private beliefs about what will happen as a
result of fighting a war. This is a situation with interde-
pendent values. That is, each country’s utility for conflict
is not only dependent on its own type but also depends
on the type of its opponent. A nice example of this class
of problems is the run-up to the 1973 Arab-Israeli War.
In this instance, any questions about Israeli resolve, by
and large, had been laid to rest in the 1967 war; there was
little doubt that Israel would defend herself resolutely if
attacked. But even knowing this fact, Egypt and Syria were
uncertain about how effectively the Israeli Defense Force
would respond to a surprise two-front war. In particular,
the Syrian leadership thought their military build up put
them in a strong position to retake the Golan Heights
(Yarhi-Milo 2009).

To model this, we assume that the costs of engaging in
awar, ¢; and ¢,, are common knowledge, but both coun-
tries have private information regarding the probability
of winning. We implement this in our framework by sup-
posing that country 7’s type, t; € [t;, ;] = Tj, is indepen-
dently distributed according to a distribution function
F; and the probability that country 1 prevails in a war,
p(ti, 1), is a function of both types. We assume that the
types can be ordered such that the probability of victory
is monotone in the countries’ types. That is, higher types
have a greater chance of winning, all other things being
equal. Formally, this assumption is that > # implies
p(t, ) > p(t, ), for all &, € T5. Likewise, we assume
that p is monotonically decreasing in #. Also, to ensure
there is uncertainty about the distribution of power, we
assume that p is not everywhere constant. In this way, the
type t; reflects the “strength” of country i and thus the
probability of victory depends on the relative strength of
the two combatants.

Our first result deals with how expected outcomes
must vary as the strength of a country varies. Recall from
the previous section that the expected utility of type # of
country i is denoted U;(#;) and the expected probability
of war is denoted IT(t;).

Proposition 4. Suppose costs are common knowledge but
each country is uncertain about the probability of winning
a war. Let G be any crisis bargaining game form and let s*
be any equilibrium of G. Then U;(t;) is weakly increasing
in t; and differentiable almost everywhere. If, in addition,
p(t) is continuously differentiable, then U;(t;) is continuous
int.

If p(t, ty) is strictly increasing in t; and strictly de-
creasing in ty, then there exist t/, ¥ € T, with t/ <t
such that T1(#;) = 0 for all ; < tip, 0 < II(%) < 1 for all
;€ (tip ), and T1(t;) = 1 forall t; > t".
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Proof. Suppose that s* is an equilibrium of a crisis
bargaining game form. Then by Result 1, there exists
an incentive-compatible direct mechanism yielding the
same outcome as s*. This direct mechanism is given by
T(t) = w8(s*(¢)) and v;(t) = vf(s*(t)).

As in the proof of Proposition 1, we can write the
expected utility of type #; reporting a type 7 as

Uit 1) = / (4, t;)(pi(ti, ;) — c;)
T
+ (1 =7 (%, tj)vi(w(T, t;)) dF(t;).
Incentive-compatibility requires that for all t;, % € T;, U;
(ti 1) = Ui(% | 8).
To show that U;(#;) is weakly increasing, fix % and #
such that & < t;. Then

Ui(t) — Ui() = Uit | ) — Ui(5 | &) = Uit | &)
— Uit | ) + Ui (5 | 1) — Ui(% | B).
The above incentive-compatibility condition gives
Ui(t | t;) — Ui(% | t;) > 0. In addition, we have

Uit | 6) — Ui(5 | 1) = / w(t;, ) (pi(ti, tj) — ci)
T;

—m (%, t;)(pi(4, tj) — ¢i) dF (t;)
=/ (i £)(piltis 1) — pilis, 1)) dF;(1,).

T

By the monotonicity of p;, the integrand is always
nonnegative. Therefore, U;(# | t;) — U;(% | %) > 0. This
means that U;(;) > U;(%), which proves that U;(#) is
weakly increasing. It is differentiable almost everywhere
because it is a monotonic function on a closed inter-
val. If, in addition, p(¢) is continuously differentiable,
then w;(#) = p;(#) — ¢; is continuously differentiable,
and Uj(#) is continuous by Lemma 1.

We now prove the final part of the proposition. By the
same argument as in the proof of Proposition 1, incentive
compatibility requires that

J
If we consider #; < t; and assume p; is strictly monotonic
in t;, then pi(ti, l’j) — p,‘(i‘i, t]‘) > O forall l’j.IfH(Z’,‘) =0,
then the above inequality implies T1(#;) = 0. Likewise,
if T1(#) = 1, then the above inequality implies T1(#) =
1. Now define #’ to be the supremum of the set {t; €
T; | TI(#;) = 0} (and tip = t; if this set is empty) and "
to be the infimum of the set {f; € T; | T1(#;) = 1} (and
t” = t; if this set is empty). The result follows. O

This proposition shows that, regardless of the game
form, a stronger type of a country is never worse off than
a weaker type of that country. Thus the monotonicity

/ (m(t;, tj) —= (4, ;) (pi(, t;) — pi(hi, t;))dFj(t;) > 0.
T
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result for expected utility given in Proposition 1 with un-
certainty about costs continues to hold with uncertainty
about relative power. With the added assumption that the
probability of winning does not jump discontinuously
with type, we find that the continuity result of Propo-
sition 1 also carries over to this setting. However, the
earlier result on the monotonicity of the expected proba-
bility of war does not fully carry over. Instead, when the
probability of winning is strictly monotonic in type, the
weakest types have zero expected probability of war, mod-
erate types have an expected probability of war strictly be-
tween zero and one, and the strongest types have war with
certainty.> Thus, expected probability of war displays a
limited kind of monotonicity in this environment.

One important consequence of focusing on uncer-
tainty over relative strength is that the process of bargain-
ing can reveal important clues as to the likely strength of
the two countries. In particular, when a country receives
a settlement offer, it can update its prior about the private
information of the opposing state by inferring what must
be true of the other state in order to generate the received
offer. Recall that w;(v;, ;) is country 7’s updated belief
about the type of country j after observing the settlement
offer v;. Let Vi(f1, v) = {& | vi(f, ) = v} be the set of
possible types of country 2 that a given type # of country
1 would think are possible after observing a settlement
v.2 In this setting, then,

Elwi(t) | pi(vy, 1) = E[p(h, &) | Vi(t, v1)] — ¢y,
(3)
and a similar expression holds for country 2. The right-
hand side of this inequality is simply the updated expected
utility for war incorporating the inference about the types
of the other country from the observed settlement offer.
For convenience, we use the following notation in
stating our results:

Pi(t1) = | p(t, y)dF,(y) and

L

Py(t) = | p(x, )dF(x).

T
In words, P;(#) is the expected probability of winning
a war for type #; of state 1 and P,(#) is the expected
probability of losing a war for type t, of state 2.

22Note, however, that some of these sets of types could be empty.

ZIn general, this conditional expectation must be defined ab-
stractly. But this abstract definition simplifies in many cases. For
example, if V;(#, v;) is an interval, then

/ Pt y) dFs(y)
Vi(t,v1) .

E[p(ti, y) | Vi(ti, v)] =
[ aro
Vi(t,v1)
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Let ¢ = Pi(%;) — Py(%). It follows from the mono-
tonicity of p that ¢ > 0. Our next result shows that if the
costs of war are less than ¢, then no matter what bargain-
ing procedure is used, there is a positive probability of
war during a crisis.

Proposition 5. Suppose costs are common knowledge but
each country is uncertain about the probability of winning
awar. If ¢; + ¢, < €, then no always peaceful equilibrium
exists in any crisis bargaining game form that has voluntary
agreements.

Proof. The method of proof is by contradiction. We
begin by supposing there is an always peaceful equilib-
rium of a crisis bargaining game form that has volun-
tary agreements. By Result 3, there exists an incentive-
compatible direct mechanism such that w(#) =0 and
v;(t) = E[w;(t) | mi(v;, t;)] forall tand i = 1, 2. Because
w(t) = 0, the expected utility of country 1 with true type
f; reporting type 4 is

UGk | 1) =/ vi(h, ) dFa(y). @)
T

The incentive-compatibility condition is then
Ul(tlltl) > U1(21|t1) for all

However, from equation (4), it is clear that U; (% | ;) does
not depend on #;. Therefore, the only way the incentive-
compatibility condition can be satisfied for all t; and  is
if Ui (% | ) is a constant, for all #, and #.2* We write U,
for this constant.

Turning now to the condition that v;(t) > E[w;(t) |
wi(v;, ;)] forall rand i = 1, 2, we use equation (3) eval-
uated at the type pair 4 = #; and , = % to get

vi(h, ») = El[p(h, )| i(ti, v1)] — c1.
Taking expectations of both sides, we get
Elvi(t, )] = E[E[p(t, ) | Vi(f, vi)]] — c1.

By the law of iterated expectations, this expression is
equivalent to

f, Atl S Tl

p(t, ) dF> (k) — c;.
B (5)

By a similar argument, it follows that

Uz=/ vy(t, B) dFi(h)
T

U, =/ vi(t, ) dFy () >
T

> [ iR -a g
T

24This result would follow immediately from Lemma 1 if we made
the additional assumption that p;(t) was continuously differen-
tiable in ;.
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We next show that U; + U, = 1. Starting with the
fact that vy (1, &) + v2(#1, ) = 1 for all pairs (4, &), it
follows that

/ / 01 (5) + 2(8)] dFs (1) dFy (1) = 1
T

[/vl(t)d&(rz)dﬂ(n)
T YT

+/ / va(8) dFy (1) dF(5) = 1
LJT

/ U dF1(t1)+/ U, dF () =1
T

T
U,+0,=1.

Therefore, adding inequalities (5) and (6) yields

1> | pth,y)dFy(y) —ca+1
i

- p(x, &) dFi(x) — ¢,
T

from which it follows that
a4+ > Pi(h)— P(h) =c.

This contradicts the supposition that ¢; + ¢; < ¢ and
thus proves the proposition. U

This proposition shows that there is a range of costs
such that the countries’ private information about the
probability of winning is always an obstacle to peace in
any interaction with voluntary agreements. Phrased as
a general result, Proposition 5 shows that small costs of
war is a sufficient condition for the impossibility of com-
pletely peaceful settlements in crisis bargaining games
with voluntary agreements. We thus can view this result
as extending the claim of Fearon (1995) that when costs
are low, private information leads to a positive probabil-
ity of war from the case of uncertainty about costs to the
case of uncertainty about relative power. The reason that
the war problem is particularly hard to solve in games
with interdependent types is because, in such games, the
strongest type of a given country knows that every type
of their opponent cannot be a stronger adversary. So,
from the strongest type’s perspective, war is a relatively
attractive option and therefore in order to persuade the
strongest type to forego this option, such types must get
relatively generous terms from peaceful settlements. This
in turn creates an incentive for weaker types to pretend
that they are strong in order to secure this high payoff.
The only way a peaceful settlement can exist with these
incentives is if the settlement gives every type of a country
the same payoff as the strongest type of the country. But
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when the total costs of war are less than the critical value
¢, such settlements are impossible.

As an example of this sufficient condition, consider
the model of Reed (2003). In this model, country 1 makes
an offer to country 2, who either accepts the offer or goes
to war. This model has one-sided uncertainty: country 2
knows the probability of winning the war, while coun-
try 1 does not. In fact, in Reed’s model, country 2’s type
is exactly the probability p that 1 wins the war. In our
notation, then, country 2’s type &, € [a, b] € [0, 1] and
p(t) = t. Therefore, P; = fah ydF,(y) and P,(8) = b,
because country 2 has no uncertainty. Thus, the suffi-
cient condition in Proposition 5 states that if ¢; + ¢, <
¢ = fab y dF,(y) — a, then war must occur in any equi-
librium.”> To understand what this condition means in
Reed’s model, first note that in order to avoid war, country
1 must make an offer that the strongest type of country
2 will accept. Thus, country 1 must make an offer that
gives atleast 1 — a — ¢, in order to ensure peace. Such an
offer gives country 1 a payoff of at most a + ¢,. However,
suppose country 1 makes an offer that all types of coun-
try 2 reject. This leads to war with certainty, so country 1
has an expected payoff of fab y dF,(y) — c¢;. Thus, peace
is not possible if a + ¢, < fuh y dF,(y) — ¢, which is ex-
actly the sufficient condition in Proposition 5. To be clear,
this does not show that such an extreme offer is optimal,
only that country 1 will not make an offer that avoids war
entirely.

The intuition of Proposition 5 further suggests that
when costs are large enough, peaceful settlements may be
possible. This is exactly what we show in the next result.
Specifically, we show that if the total costs of war are
greater than the critical value ¢, it is possible to find some
game form that always avoids war.

Proposition 6. Suppose costs are common knowledge but
each country is uncertain about the probability of winning
a war. If ¢| + ¢; > ¢, then there exists a crisis bargain-
ing game form that has voluntary agreements in which an
always peaceful equilibrium exists.

Proof. As with Proposition 2, it is enough to give an
example of a crisis bargaining game form that has vol-
untary agreements which has an always peaceful equilib-
rium. Consider a crisis bargaining game form that has
voluntary agreements such that v8(a) = P;() — ¢; for
alla € Aand w8(a*) = 0 for some a* € A. By construc-
tion, the strategy profile s*(t) = a* is always peaceful. To
show that it is an equilibrium, first note that if either side
deviates to a different peaceful action, then the settlement

2In this case, &, = a because this is the strongest type of country 2.
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amount does not change. If country 1 takes an action that
leads to war, its expected payoff from war, given its type
1, is

p(t, y)dF,(y) — a1 < p(h, y)dF,(y) — ¢

D )
= Pi(h) — 1 = gu(a’),
where the first inequality follows from the monotonicity
of p. Therefore, no type of country 1 will deviate. A similar
argument shows that country 2 will not deviate and start
a war. Therefore s*(¢) is an equilibrium and the proof is
complete. O

The proof of Proposition 6 presents a crisis bargain-
ing game form with voluntary agreements that has a
peaceful equilibrium when ¢; + ¢, > ¢. Thus, the propo-
sition demonstrates the existence of a peaceful game form.
It should be emphasized that the result does not claim that
all game forms will have such a peaceful equilibrium when
€1 4 ¢ > ¢. As an example, consider the model of Reed
(2003) described above and assume that F, is the uni-
form distribution on [a, b]. In this case, it is easy to check
that ¢ = (b — a)/2. However, it is also easy to verify that
the peaceful equilibrium in which country 1 makes the
offer x = a + ¢, that is accepted by all types of country
2 exists only when ¢; + ¢; > b — a. Thus, Reed’s model
is an example in which war still occurs in equilibrium for
valuesof ¢c; + ¢, > ¢.

Another important feature of Proposition 6 is that it
implies that a trivial sufficient condition for the existence
of a peaceful game form is that ¢; + ¢, > 1. Yet, much
of the time this condition is unlikely to hold, i.e., it is
rarely the case that a real-world conflict generates relative
costs that are greater than the total value of the object of
dispute. However, if there is a third party that is willing to
provide a sufficiently large subsidy to the peace process,
such as an international organization or a superpower, a
peaceful settlement is possible. Permitting this possibility,
we can say that, if a third party provides a subsidy

¢ > Pi(t) — Po(k) — (c1 + c2),

then there exists a crisis bargaining game form that has
voluntary agreements in which an always peaceful equi-
librium exists. In this circumstance, the subsidy amount
is the minimum amount that will ensure that there is
an agreement that both sides will prefer to unilaterally
starting a war. Thus, in a world with a large powerful
country willing to provide sufficient subsidies, the oc-
currence of war as a consequence of private information
about relative power can be avoided.?® Unfortunately for

%This corollary supports the argument that if there is a global
hegemon, then the international system is likely to be more
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small (¢; 4 ¢;), depending on the technology of war p(t)
and the distribution of types, the size of the subsidy can
approach the value of the whole prize.

We conclude our analysis of this case by presenting a
characterization of peaceful equilibrium that is similar to
the results in the previous section.

Proposition 7. Suppose costs are common knowledge but
each country is uncertain about the probability of win-
ning a war. Suppose also that p(t) is continuously differen-
tiable, strictly increasing in t;, and strictly decreasing in t,.
Let G be any crisis bargaining game form that has volun-
tary agreements and let s* be any equilibrium of G. Then
Ui(t;) # Ui(%;) for some t;, §; € T; if and only if there is a
positive probability of war in equilibrium.

Proof. The proof of Proposition 5 shows that U;(#) is
constant in any peaceful equilibrium. For the other direc-
tion, suppose U;(t;) = U;(%;) for all ¢, %; € T;. Then by
Lemma 1,

z.
. ' ap;
0~ Ut)= [ [ ) Piis. ) dr o) ds=o,
ti T] atl
forallt;, %; € T;.As p;isstrictlyincreasingint;, dp;/dt; >
0, and so () is zero almost everywhere. The result fol-
lows. O

This proposition tells us that, as in the previous sec-
tion, every peaceful equilibrium of every crisis bargaining
game with uncertainty about relative power must give ev-
ery type the same expected settlement. As with the case
with uncertainty about costs, we can use this result to
shed new light on strategic problems without having to
solve complicated games. For example, consider the cri-
sis bargaining game in Smith (1998). The extensive form
of this game is quite involved. To start, a leader from a
“defender” country makes a cheap talk announcement of
their intent to defend a client state if that state is attacked.
Next, an aggressor state chooses to attack the client or
not. If the aggressor attacks, then the client can retaliate
or capitulate. If the client retaliates, the defender chooses
to intervene or not. If the defender intervenes, he changes
the probability that the client wins the war. After the cri-
sis is complete, the defender’s citizens decide to keep or
replace their leader, given the cheap talk message, the play
of the crisis, and the outcome of the war.

One of the main conclusions of Smith’s paper is that
the defender’s message “can only be informative if war
occurs with positive probability.” To prove this, Smith

peaceful, given that the hegemon is willing to pay the cost (Gilpin
1981; Keohane 1984; Kindleberger 1973).
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uses several lemmas,?’” but we can derive this result di-
rectly from Proposition 7.8 In a peaceful equilibrium, all
types of the attacker must get the same expected utility.
This means that either the client retaliates with positive
probability when attacked and all types of the attacker
stay out, or, if the client never retaliates, all types of the
attacker attack and get the capitulation utility. In either
case, the outcome of the crisis does not vary. Therefore,
for the defender country, the only way for its utility to
vary is by the probability that the government is replaced.
But again by Proposition 7, all types of the defender must
have the same expected utility. Therefore, all types must
have the same probability of replacement. But this implies
that the cheap talk message must be uninformative, be-
cause otherwise differences in the types would be revealed
and the less competent types would be removed. There-
fore, messages must be uninformative if the probability of
war is zero. In this way, we can derive useful results from
specific models using our propositions without actually
solving for the equilibria in those models.

Discussion

As we have emphasized, one strength of the game-free
method of analysis presented here is the ability it pro-
vides to establish results that hold across a wide variety
of strategic interactions between countries. That is, our
results apply to any direct bargaining process in which
the countries can make offers and counteroffers to each
other, with or without communication, as well as any
arbitration mechanism in which the parties communi-
cate to a formal institution and this institution decides
how the dispute will be settled. In this way, we have been
able to give a clear picture of the general consequences
of private information and the incentives to misrepresent
this information on the possibility and form of war and
peace. In addition, given our interest in understanding
how different kinds of uncertainty may imply different
general tendencies for strategic behavior, our mechanism
design approach allows us to clearly and cleanly explore
the effects of various types of uncertainty across many
different game forms.

Using our techniques, we have established several
general results. The first group of results concerns the
monotonicity properties of equilibria. We show that

2’Notably, Smith’s Lemma 1 proves that expected utility is weakly
increasing in type, which is exactly our Proposition 4.

28 Although Smith’s model has three players, it is easy to extend our
results to this case.



166

crisis bargaining games with two-sided private informa-
tion have some, but not all, of the monotonicity proper-
ties described by Banks (1990) for games with one-sided
private information. Proposition 1 shows that countries’
expected probability of war and expected utility are both
(weakly) decreasing in their costs. So the general intu-
ition that low-cost types have higher expected utilities
from crisis bargaining, but also face greater risk of war,
carries over from the setting with one-sided incomplete
information. Unlike Banks (1990), however, we are un-
able to guarantee monotonicity in expected settlements
with two-sided incomplete information about costs. Sim-
ilarly, Proposition 4 shows that with uncertainty about
strength, the monotonicity result for utilities also holds
in every crisis bargaining game. For expected probability
of war, however, we are only able to establish a limited
kind of monotonicity, unlike Banks (1990).

A second interesting general result occurs in the in-
terdependent case, where countries are uncertain about
relative power. Here we find that the conditions that de-
termine whether or not peaceful equilibria can exist need
not depend on any aspect of the game form. As seen in
Propositions 5 and 6, the nonexistence of peaceful equi-
libria depends only on the costs of fighting and the form
of the uncertainty about relative power, and not on the
details of the bargaining. When the conditions for peace-
ful equilibria are met, then a simple mechanism that gives
both sides at least the best they could hope for from war is
a simple solution. Otherwise, when such an arrangement
is not possible, there is no bargaining process, no matter
how complicated, that ensures peace.

A final interesting result of our analysis is that the
effect of private information and the incentive to mis-
represent varies as we vary the structure of the decision
maker’s uncertainty. This is true even though in each
framework we consider there is common knowledge that
a settlement exists that both sides prefer to war. The fact
that in each framework the conditions on the game form
that lead to war are different makes clear that the type of
uncertainty that exists in the international environment
can have important implications for players’ strategies
and the probability of war. At the same time, our focus on
the informational roots of conflict is not meant to suggest
that this is the only potential cause of war. To be clear, this
article does not claim to present an all-inclusive model
for war. Rather, we have attempted to provide game form
free results for an important class of strategic situations
discussed in the literature on private information and war.

One basic assumption that we have used to define
this class of games is that any peaceful agreement must be
acceptable to both sides of the conflict. This “voluntary
agreements” assumption is intended to be general and
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substantively motivated. We require that there be an ac-
tion that allows decision makers to reject settlements that
give them less than they might expect from fighting, but
we do not require that this action leads to a war lottery
or even immediate fighting. This flexibility implies that
our results hold in many different kinds of games. For
example, the fact that our results hold in game forms that
include capitulation as a possible outcome distinct from
war and peace also aids in clarifying the application of our
model to several historical cases. While there are many
clear examples of the direct, unilateral use of force such as
the Japanese attack on Pearl Harbor and the American in-
vasion of Iraq in 2003, there are other historical cases that
could be better categorized as capitulation, such as the in-
vasions of Denmark and Luxembourg in 1940. Thus, our
results apply to both kinds of circumstances, including
those that involve armed aggression but that ultimately
do not involve significant armed conflict. Moreover, as
noted above, we can see our results materialize in a wide
variety of extensive forms, from alternating-offers bar-
gaining and wars of attrition to crisis bargaining models
and models of extended deterrence (Fearon 1994; Lev-
entoglu and Tarar 2008; Powell 1996; Schultz 1999; Smith
1998).

While our view is that our “voluntary agreements”
assumption is a natural consequence of the anarchic na-
ture of the international arena, there may remain some
question as to how best to describe the process leading
countries to war. One alternative assumption is that war
occurs only if both countries agree to fight and other-
wise the status quo or an imposed settlement prevails.
This assumption has been used to consider the idea of
mutual optimism as a cause of war. Central to this litera-
ture (Blainey 1988; Wittman 1979) is the claim that both
countries must want to fight for a war to occur, hence the
name mutual optimism. Not surprisingly, this alternative
assumption yields different conclusions about the possi-
bility of war. Thus our results for the case of voluntary
agreements highlight the role of private information and
the incentives to misrepresent and can be interpreted as
the complement to the mutual optimism argument.?

The other basic assumption we use to define the class
of crisis bargaining games is that whatever form the in-
teraction of the two sides takes, the end result is always
either a negotiated settlement or war. Dividing outcomes
into these two categories seems to us to be quite natural.
At the same time, because we make the common assump-
tion that the war outcome is a game-ending costly lottery,
we should consider how our results speak to the recent

2 For more on the issue of mutual optimism and assumptions about
how countries end up in war, see Fey and Ramsay (2007, 2008).
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formal conflict literature on “war as a bargaining pro-
cess” (Filson and Werner 2002; Powell 2004; Slantchev
2003b). In a manner similar to Powell (2004), we can re-
lax the assumption that fighting is a game-ending move
by supposing that fighting creates a chance of a militarily
decisive outcome but can also be indecisive and lead to
further negotiations or further fighting. We can fit such
amodel into our theoretical framework by identifying all
terminal nodes with a decisive military outcome as “war”
outcomes and all other terminal nodes as “peaceful set-
tlement” outcomes. However, as a number of rounds of
fighting can precede any such outcome, we must make
changes to two of the assumptions we make about our
class of crisis bargaining games. First, we must modify
the assumption that peaceful settlements are efficient be-
cause if the countries fight for some time before reaching
a peaceful settlement, the payoffs to the two countries for
such a strategy profile will sum to less than one. Second,
for a similar reason we must modify our assumption that
a country’s war payoff does not depend on the actions
taken in the game. The longer the countries choose to
fight before a decisive military outcome results, the lower
is the expected value of this outcome.

How do our results fare if we make these two changes
to our framework in order to accommodate models of
war as a bargaining process? Reassuringly, it is possible
to show that all of our main results continue to hold.
In the case of the first change, we show in a companion
paper (Fey and Ramsay 2009) that permitting settlement
outcomes to be inefficient does not change any of the
qualitative features of our results. This is also true with
the second change, permitting the war payoff to vary with
the actions taken in the game. Rather than provide formal
proofs here, instead we briefly explain why our results
continue to hold.*® Our reasoning rests on the fact that
even if a country’s war payoff depends on its actions, as
its equilibrium actions depend on its type, we can use the
revelation principle to find a direct mechanism in which
a country’s war payoff depends directly on its type. In this
way, Lemma 1 continues to hold. As this lemma is a key
ingredient in our proofs, this result, coupled with the fact
that the actions of a country can only change its payoff by
incurring the costs of multiple rounds of fighting, yields
the same characterizations as found in our propositions.

Conclusion

This article has set out to establish general results about
the fundamental incentives inherent in crisis bargaining.

3Details are presented in a supplemental appendix available online.
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Rather than fix a particular model and derive results that
are limited to this single extensive form, we develop a
method to identify properties shared by all equilibria of
a large class of crisis bargaining models. The value of this
approach is twofold. First, such an approach allows us to
cut through the clutter of the endless variety of modeling
assumptions, in particular assumptions about sequencing
of moves, and to show how uncertainty and the incentive
to misrepresent affect the probability of war in a variety of
crisis bargaining settings. Second, our “game form free”
approach allows us to compare the effect that differences
in the kinds of private information possessed by actors
have on strategic choices of the actors. We have developed
these results across a range of information environments
in order to identify conditions under which the positive
probability of war is an unavoidable consequence of pri-
vate information and conditions under which peaceful
resolution of conflicts is possible. We have also charac-
terized the nature of such peaceful resolutions. In short,
we have found that while it is possible to give general re-
sults that support the rationalist explanation of war as a
consequence of private information and the incentive to
misrepresent this information, the link between private
information and war depends in important ways on the
types of uncertainty that states face.

Throughout this article, we have emphasized the gen-
erality of our approach and the necessity of utilizing such a
general approach to justify broad claims about the causes
of war. Although we are able to give results that iden-
tify specific relationships between information and out-
comes, there is an obvious trade-off between general re-
sults and specific predictions. The relative value of the two
must depend on the question being asked. In particular,
questions regarding particular behaviors in a specific in-
stitutional setting call for an approach very different from
the one we take here. On the other hand, as a theoreti-
cal matter, we may be interested in results that are not
institution specific, or that apply to a wide class of differ-
ent institutions and strategic settings. To the extent that
answers to general questions about the relationship be-
tween uncertainty and war, independent of institutional
specifics, are the object of interest, no iteration of the
process of analyzing specific protocols will reveal these
general equilibrium phenomena. For these questions, the
game-free approach is a useful tool. As a guiding prin-
ciple, we endorse the “two-step” approach outlined in
Banks (1990) in which general results are established first
using the approach developed here and then additional
behavioral predictions are generated from a particular
game form that captures specific institutional features of
interest.

In the end, while this article has laid out a frame-
work for analyzing some general questions about war
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and peace, several additional aspects of this approach
remain to be explored. First, while we have focused on
how various theoretical sources of uncertainty may in-
fluence the possibility for “well-designed” institutions to
eliminate unwanted, inefficient conflict, it is also true that
institutions do not just arrive from nowhere; they are en-
dogenous to the negotiation process between states. It is
natural, then, to consider the process by which countries
bargain over possible game forms that then govern their
interaction. It should be possible to use our approach to
deal with such a situation by viewing the institution selec-
tion process as itself part of a more broadly defined game
and applying the revelation principle.®! Second, although
each of the two kinds of uncertainty that we have consid-
ered in this article have involved one-dimensional types,
it should also be possible to generalize our approach to
allow for multiple-dimensional types. One example of
this kind of uncertainty would be a case in which coun-
tries possessed private information about both their own
cost of conflict as well as the relative balance of power.
We leave the analysis of this case as a topic for further
research.
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