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The author models warfare as a random-walk stochastic process. Rather than model war as a single-shot
lottery, as is common in the literature, nations fight a series of battles. Nations do not defeat their foe in a
single battle; rather, victory results from aggregate success over a series of interactions. Only by gradually
reducing an opponent’s capacity to resist can a nation force victory. Yet, under many circumstances, nations
preempt defeat by surrendering once the tide of war moves against them. The author characterizes the
distribution of resources that results in conflict. Against this background, the author examines how the
preferences of leaders affect the conditions under which war occurs. Because the preferences of leaders
affect the pattern of conflict, citizens’ electoral choices are made contingent on the international environment.
Hence, the author provides a link between conflict behavior and domestic electoral processes.

The nature of warfare is fundamental to the study of any security issue. In this article,
I develop a model of warfare. This Markovian random-walk model of war decomposes
wars into their constituent battles and asks how nations choose strategies under
different contingent circumstances. Rather than treat war as a single instantaneous
event, I model it as a dynamically evolving process. The overall process is modeled
like a tug-of-war competition: nations strive to defeat their opponent. Yet, their strategy
during the course of the competition depends on how well they are doing. Nations
close to victory behave differently from those close to defeat.

I start by summarizing existing models of warfare. In particular, I concentrate on
simple lottery-based conceptions and discuss the pros and cons of such approaches.
Having outlined the basic components of the model I propose, I discuss how it
overcomes the limitations of existing techniques. The model provides a flexible
platform from which to address numerous security issues. Rather than depicting all
these possibilities, I concentrate on examining the key concepts within the model. To
this end, I detail the underlying stochastic process and how nations’ decisions affect it.

Having explained the basic nature of war, I discuss the incentives that nations face
and describe equilibrium behavior. Given these results, I examine what factors affect
the conditions under which nations fight. In particular, I focus on how the value of the
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prize for winning, the cost of fighting, and the relative power of the combatants
determines when fighting occurs.

To illustrate the applicability of the model, I examine the relationship between
domestic elections and conflict. In particular, I assume that an election occurs at a
specific time during the conflict. How the war has progressed affects the electorate’s
preferences for different candidates. Because different types of candidates are elec-
torally advantaged under different circumstances, I examine the incentives of leaders
to divert the course of the war as elections approach. I conclude with a discussion of
the advantages and the general applicability of this type of model.

MODELS OF WAR

Wars are not one-shot events. They occur over a period of time, sometimes over
many decades. As such, the conventional modeling technique, a simple lottery, is
inappropriate. The basic idea of such models is that when war occurs, the winner is
determined by a coin flip. Although one side’s probability of victory is usually
described as a function of its relative strength or its choice of actions, inherently the
victor is determined instantaneously.

As amodeling strategy, this eliminates any discussion of temporal issues or range
of outcome: instantly, one side completely wins and the other side completely loses.
Inherently, such models prevent us from examining what happens during war. Yet, we
know that the progress of the war affects things such as effort levels, negotiating
position, military strategy, and domestic political support. Because leaders care about
these things, they affect the initial decision to engage in conflict.

Although it is generally true that most models of war use simply lotteries, there are
many exceptions. For example, Powell (1990, 1996) and Fearon (1994, 1996) propose
escalatory and appeasement models of warfare. However, the most common alterna-
tive is the war of attrition model (Maynard-Smith 1974). In this class of models,
nations pay costs to remain in the struggle. The winner receives a prize only when its
opponent quits.

The model I propose contains elements of both the standard lottery and the war of
attrition models. Nations have repeated interactions, during each of which one nation
could gain an advantage over the other. Over time, one nation’s advantages could
accumulate until it completely overwhelms its foe; alternatively, initial successes could
be offset by reverses with the war remaining in the balance. The interactions continue
either until one side has accumulated so many successes that the other side no longer
has the capacity to resist or until one side decides to quit. Put simply, nations fight
battles until one nation decisively defeats the other or until one nation surrenders.

A useful metaphor is nations battling over forts. Initially, each nation possesses
some of these forts. During the war, nations fight battles over these forts. If one nation
ever captures all the forts, then it wins decisively, the other nation being unable to
continue. The war is a series of attempts to capture the enemy’s forts without losing
your own. A nation is only beaten decisively if it loses all its forts and is no longer able
to prosecute the war. Sometimes nations are decisively defeated (e.g., Nazi Germany
in 1945 or Carthage in 146 B.C.). However, a more typical situation is for a nation to
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decide that the war is no longer worth pursuing. Unlike the case of Nazi Germany in
‘World War I, during World War I, Germany surrendered before the allies had obtained
a decisive victory.

Although the term battle is direct and easily understood, the interactions between
states need not strictly be battles. Blood does not need to be shed for one side to gain
a military advantage; simply outmaneuvering one’s opponent is often just as effective.
This said, I shall use the term battle rather than the abstract term interaction. However,
it should be understood that one nation might gain advantage through jockeying for
position, rather than by direct bloodshed. Similarly, I shall also use the term forz. By
fort, however, I mean a discrete approximation of what nations are fighting over.
Although historically forts were important objectives, modern battle lines are more
fluid and continuous. Yet, even these dynamic fronts are broken up by defensible
geographical features, such as mountains, rivers, forests, and marshes. I assume forts
have an intrinsic value to each nation, but allowing them to be intermediates that must
be captured to secure the real objective does not fundamentally alter the structure of
the model.!

Although winning a battle gives one side an advantage, it is not the same as winning
a war. I treat each battle as a separate interaction, modeling the outcome as a lottery.
It is the aggregation of these separate battles that determines the final outcome. The
advantage of decomposing wars into these separates battles is that it enables decisions
to be considered under the appropriate contingent circumstances. If the war is treated
as a whole, then all the choices made are lumped into a single invariant decision. In
the setting I propose, nations gauge their best choices as the war proceeds.

At each interaction, we can examine the decision to fight, effort levels, choice of
military strategy, negotiating position, and domestic support for the war. Modeling
decision making during the course of the war is intrinsically useful because it provides
a handle on those questions that cannot be addressed if the war is treated as a whole.
A model of decision making also edifies studies that treat wars as single events because
it provides more realistic expectations about the war. For example, during prewar
disputes, whether nations reach agreement depends on what they are negotiating to
avoid. More realistic expectations about the war lead to more realistic expectations
about bargains.

In this article, I detail the core components and properties of the model. Hence,
initially I examine only the decision to keep fighting. However, the flexible framework
I propose can be readily adapted to address many questions, as I shall later illustrate
by interacting it with amodel of domestic political competition. Indeed, this and related
frameworks are already being used in various contexts. For example, Morrow’s (1997)
closely related model examines the choice of military strategy. Within the context of
this model, the optimal level of armaments and effort for nations engaged in war is
being addressed by Judd and Smith (see Judd 1985; Budd, Harris, and Vickers 1993).
Smith (1997b) uses this framework to tackle the questions of stability and the
distribution of power, bargaining (see also Wagner 1994, 1997), the effect of regime
type on conflict, and weapons development.

1. Smith (1997b) examines how the occurrence of war varies under these different assumptions.
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A MARKOVIAN RANDOM-WALK MODEL OF WAR

In this section, I detail the components of the model. The underlying structure is
similar to the random-walk model common in the stochastic processes literature
(Goodman 1988; Grimmett and Stirzaker 1992; Taylor and Karlin 1994). The key
element is a random variable, known as the state variable. In the context of this model,
the state variable is the distribution of forts. Assuming there are N identical forts, the
state variable at time z, X", describes how many forts nation A controls. Thus, there are
N + 1 possible states: 0, 1, 2, ..., N- 1, N. To avoid possible confusion, the term state
always refers to the number of forts. Nations fight over this state space. Nation A wants
to increase the state variable; nation B wants to reduce it. Should nation A capture all
the forts (X' = N), then B is decisively beaten and A is the victor. At this point, nation
B no longer has the capacity to fight, and the war is permanently ended in favor of
nation A. State X' = 0 represents total victory for nation B. In this state, nation A no
longer has the ability to prosecute the war.

During the course of the game, the state changes. The future state, X'*', depends
on the current state, X', and the action of the nations. If nation A surrenders, then the
next state is X'*! = 0; the state becomes N if B surrenders. If the nations choose to
fight, then either nation A could gain the advantage, capturing a fort from B, nation B
could gain a fort, or the interaction could result in no advantage for either. Hence, each
battle ends in either a win, a loss, or a draw for nation A, and the probability of each
event is p, ¢, and (1 - p — g), respectively.

This is conveniently represented in matrix form. The matrix P** describes the
probability of moving between states. Each row corresponds to the current state, X,
and each column corresponds to the next state, X'*'. Each row describes the proba-
bility distribution over states after a single period of fighting. For instance, the first
row, which corresponds to state X = 0, tells us that with probability 1 the next state is
also X*'*! = 0: once A is defeated, it remains defeated. The second row corresponds to
state X’ = 1 and shows that the next state could be either 0, 1, or 2, with probabilities
¢, 1 —p — g, and p, respectively.
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For tractability, I assume that the transitions probabilities, p and g, are constant
across states. However, relaxing this assumption is straightforward (Smith 1997b).2

2. See also Wagner (1994, 1997).



