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CHAPTER 1

Formal Analysis of Defense Spending and Alliance Reliability

1.1 Introduction

A state anticipating a challenge to its security may act to remedy perceived imbalances in power.

The occurrence and implications of such actions have inspired a large body of international rela-

tions research over the past several decades. There are numerous ways for a state to accomplish

such rebalancing; the most prevalent is to acquire additional means to wage war (Morgenthau,

1948). Doing so serves a dual purpose, both increasing a state’s leverage at the negotiating table

and improving its chances of success should bargaining fail and war result (Fearon 1995). Re-

dressing a security imbalance may be achieved by arming oneself or by forming defense pacts

with interested states, and these actions are often characterized as substitutes for one another (Bar-

nett & Levy 1991, Morrow 1993, Sorokin 1994). Interestingly, states continue to make arming

decisions even after entering into cooperative agreements with other states, and this topic has re-

ceived little attention beyond motives for sharing the burdens of defense (Olson & Zeckhauser

1966).

Just as relative power assessments bear upon states’ behaviors, so too does the constitution

of states’ military power. Measures of a state’s military capabilities abound, and the study of

their influence on war and peace has yielded inconsistent results at best (Buzan 1987, Brooks &

Wohlforth 2016, Slantchev 2003, Gartzke & Lindsay 2020). Such studies, however, collectively

demonstrate that both foreign and domestic policy goals, actions, and outcomes are all shaped by

the specific military capabilities that states possess (Betts 1997). Not all defense dollars are equal

nor does any particular military capability function uniformly across all conflicts. We should be

interested, then, in both the magnitude and makeup of a state’s military and its consequences for

both allies and adversaries alike.

This paper presents a formal model of defense spending decision-making in the context of
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a military alliance under threat. A targeted state, who anticipates a challenge, makes an invest-

ment in military capability before bargaining with adversaries and allies to avert war. Rather than

contending that states simply substitute arms and allies for one another, the results presented here

illuminate specific conditions under which arms and allies complement one another and those when

arms and allies best serve as substitutes. Furthermore, the results describe situations in which both

a targeted state and her ally are better served by a smaller investment in military capability than a

larger one, and this result is reached strictly through analysis of security considerations rather than

economic “guns versus butter” concerns. Two factors interact to produce interesting and at times

counterintuitive results. First, the allies fare better in war when they fight together. How much

better they fare depends upon the ally’s strength relative to the other belligerents. Defense expen-

ditures serve to increase a state’s fighting ability, but they may also reduce an ally’s incentive to

participate in conflict. Second, investments in complementary military capabilities offer efficien-

cies to allies fighting together that redundant substitute capabilities do not, yielding benefits on the

battlefield that may exceed their relative cost. The magnitude and make-up of the target’s defense

expenditure together influence both a challenger’s demands and a partner’s decision to cooperate.

In the next section, I briefly discuss the state of the relevant formal literature relating to crisis

bargaining, military alliances, and arming as they pertain to the model. I then describe the model,

its key features, and its solution. Next, I present the model’s most interesting results. I conclude

with a discussion of the model’s implications for future research and alliance policy.

1.1.1 Bargaining, Alliances, and Arming

The model presented in this paper takes the form of a rational-choice, crisis bargaining game. Play-

ers are represented as independent states in dispute over an issue of international importance faced

with an optimization problem - accept the terms of a revisionist challenger or engage in costly war

to preserve the status quo (Reiter 2003). As rational actors, states’ decisions are derived from a

comparison of the expected benefits of war versus peace (Bueno de Mesquita 1985). Scholars have

employed such models to explain the onset of war as a failure of bargaining attributed to private in-

2



formation whereby states cannot accurately ascertain the likely cost or outcome of conflict or they

cannot commit to maintain the status quo in the future (Fearon 1995, Powell 2002). Research fre-

quently delineates between uncertainty over players’ resolve (Powell 1996, Schultz 1999) or their

probability of prevailing in conflict (Wagner 2000, Reed 2003, Smith Stam 2006). This paper con-

siders both resolve and capability, but players in the game presented here have complete knowledge

of the intentions and abilities of other players. Instead, this paper considers relationships between

players’ capability and their resolve, seeking to understand how investments in military capability

influence a challenger’s demands and a partner’s will to cooperate. Framing this problem within

the context of crisis bargaining places it within a dominant contemporary approach to the study of

international conflict (Lake, 2010). The model presented here is distinct in that it entails a three-

player interaction, and the onset of war is not the outcome of interest. With complete information,

the model reveals equilibrium behavior under optimal conditions, where all military capabilities

are observed, communications are reliable, and actions are predictable.

Alliance bargaining models typically analyze efforts among allies to resolve disputes over in-

ternal alliance policy (Thies 2015), or they introduce alliance formation as a means to improve

leverage when bargaining with adversaries (Wagner 2004). Formal theories of alliances, like

those of crisis bargaining, commonly investigate the onset of war. Early efforts sought to test

the informal assertions of system-level, realist theories suggesting that states may either balance

against powerful aggressors or bandwagon with them against weaker targets (Smith 1995, Powell

1999). Modelers have demonstrated that not only may alliances deter conflict by threatening third-

party military intervention (Morrow 1994), they mitigate challengers’ demands in crisis bargaining

(Werner 2000, Yuen 2009), and alternatively may motivate risky target behavior by improving the

target’s chances of prevailing in war (Snyder 1984, Smith 1995, Benson 2012). While this paper

considers an alliance’s effect on crisis bargaining and acknowledges its role in deterring conflict,

this research is primarily concerned with intra-alliance dynamics. Others have examined states’

ability to influence behavior within and through alliances, finding that allies may leverage their
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military support to manage the behavior of targets and challengers alike (Fang et al 2014). This

paper builds upon this research by considering the role of the target in shaping behavior, allowing

the target the opportunity to influence the military balance by arming itself, and examining the

influence of arming on the conduct of the alliance.

Theoretical research addressing both allies and armaments often describes a trade-off between

them, seeking to identify the conditions under which states choose one over the other (Altfeld 1984,

Conybeare 1994). Narrow empirical tests provide some support for this assertion (Altfeld, 1984,

Morrow 1993, Sorokin 1994), while others suggest that arms and allies are best pursued simulta-

neously as complements to one another (Gonzales & Mehay 1991, Horowitz et al 2017). We know

that, in practice, states maintain both arms and alliances and make decisions that affect both simul-

taneously. The research presented in this paper reflects this reality, modeling the consequences of

one’s arming decisions on the conduct of its alliance partners. In its analysis of arming, this re-

search also addresses burden sharing, another common thread in the arms and alliances literature.

Prevailing wisdom asserts that bigger, stronger alliance partners bear disproportionate burdens of

collective security owing to disparate marginal benefits of defense spending and the greater ability

of larger states to influence the power balance (Olson and Zeckhauser, 1966). Rather than investi-

gating how one state’s defense spending influences the spending of its partners, this paper instead

examines how the specific character of a state’s spending may influence its partner’s propensity to

participate in conflict and whether spending at all is indeed an optimal action.

Numerous scholars have examined the factors that affect the reliability of alliance commit-

ments, but few efforts have directly considered the relationship between defense spending and

alliance reliability. Empirical research has established that changes in intra-alliance power ratios

have adversely affected the survivability of alliance commitments and increased the incidence of

conflict (Morrow 1991, Leeds 2003, Johnson & Joiner 2019), but any direct effect that arming

has on ally behavior has not been formally investigated. A notable exception examined the op-

posite concern, contending that signalling enhances the credibility of an alliance partnership and

motivates defense spending by other alliance partners (DiGiuseppe & Shea 2021). How defense
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spending affects the subsequent credibility of the alliance remains open for investigation.

1.2 Model Setup

Figure 1.1: Game Tree

With this model, I attempt to capture some conventional wisdom often used to describe the state

of international politics and relate it to cooperation and burden sharing in military alliances. The

global environment is characterized by anarchy, and security is relative. As such, states take action

to redress their perceived vulnerabilities relative to potential adversaries. In the model, targeted

states feel threatened and thus compelled to augment their security through military alliance or

expenditure. International agreements are possible, but they are not enforceable. They are upheld

only by common interest. In this model, states can choose not to uphold commitments, but doing

so comes at a cost, which is ostensibly political.

Suppose that two states are engaged in bargaining over an issue of international importance that

represents an imbalance in their relative security. This issue could be disputed territory, treatment

of ethnic minorities, or some other contentious policy. One state is the Target (T - feminine), who

endeavors to minimize any losses. In anticipation of a challenge, a Target state makes an investment

in military capability (µ). This investment improves her negotiating position, when holding the

behavior of other players as fixed, and also improves her prospects for success should bargaining

break down and war result. The Challenger (C - masculine) is a revisionist state, proximate to the

Target and willing to risk war to improve his position. The Challenger proposes a division of the
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territory or an alteration of policy in accordance with his wishes (χ). The Target may either accept

this offer and settle the issue in accordance with the Challenger’s proposal, or the Target may reject

the Challenger’s offer and instead opt for war.

Suppose also that the Target has an Ally (A - masculine) with whom a defense pact was formed

in anticipation of a potential challenge from a mutual adversary. Like the Target, the Ally prefers

to maintain the status quo and deems a Challenger to be shared a adversary. The Ally can bring

military force (MA) to bear in support of the Target in the event of a challenge. The Ally may

either cooperate, joining the Target to fight collectively against the Challenger, or he may defect,

leaving the Target to fight the Challenger on her own. The Ally benefits from the Challenger’s

defeat whether he participates or not. The settlement is therefore a club good. It is excludable

because only the winners reap the benefits, and it is non-rival, in that both the Target and the Ally

gain from the Challenger’s concessions regardless of effort. When making decisions, all players

must consider their military power relative to other players (Mi) and the cost of conflict (Ci) while

predicting the behaviors of other players .1 The Ally must also consider any costs incurred from

defecting from his alliance commitment (DA), such as a loss of domestic political support or a

weakening of his other alliance partnerships and international standing.

The game begins with the Target making a decision to invest in military capability (µ). The

Target may invest any amount within her means. She divides her investment between military

capabilities that substitute for those of her Ally (λ) and those that complement those of her Ally

(γ). Substitute military capabilities best serve the Target’s unilateral security needs, while comple-

mentary military capabilities serve alliance security needs. Each capability has its own cost factor

(Cλ and Cγ , respectively). The Challenger observes the Target’s investment and, next, proposes

a resolution to the disputed issue (χ ∈ [0, 1]). To simplify, I forego the possibility of preventive

war to prevent the power shift from taking effect.2 If the Target accepts the Challenger’s demands,

1Each player’s war cost (Ci) captures the unique value they assign to the disputed issue. A low valuation translates
to a higher relative war cost, while an issue of high importance lowers the relative cost of fighting.

2In reality, even through purchase of armaments or formation of alliances, states incur significant delays in reaping
any practical benefits from their efforts to augment their defenses. The implications of such delays, particularly in
forming alliances, has been modeled elsewhere (Benson & Smith 2021).
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then the game ends. The Target receives her share of the stakes minus the upfront cost of her

military investment (EUT (Accept) = χ − µ). The Ally, whose policy preferences align with

those of the Target, benefits equally from peaceful issue resolution, but foregoes any up front cost

(EUA|T (Accept) = χ).3 The Challenger receives the remaining share (EUC |T (Accept) = 1−χ).

Alternatively, if the Target rejects the Challenger’s proposal, then war ensues. The Ally must

then decide whether to uphold his commitment and fight alongside the Target against the Chal-

lenger or defect from the alliance and leave the Target to fight alone in a bilateral war. The victor

of any war gains the whole prize, either capturing the disputed territory or implementing their ideal

policy, while the loser gets nothing. War is of course costly, and belligerents must each pay their

unique costs of fighting (Ci).4 In bilateral war, the Ally faces a defection cost (DA) for reneging on

his alliance commitment. A war’s expected outcome is determined by a probabilistic function that

considers each belligerent’s share of the total military capability ( Mi∑n
i Mi

). The probability that the

allies prevail together in combat against the Challenger is represented by α while the probability

that the Target fighting alone prevails is β. Each player’s war payoffs are depicted in figure 1 and

listed below:

EUT (CoalitionWar) = α− CT − µ EUT (BilateralWar) = β − CT − µ

EUC(CoalitionWar) = (1− α)− CC EUC(BilateralWar) = (1− β)− CC

EUA(CoalitionWar) = α− CA EUA(BilateralWar) = β −DA

1.3 Solving the Model

Players have complete information about the intentions and capabilities of the other players, mean-

ing they accurately assess each other’s capabilities and costs, and they perfectly observe each

other’s actions. Therefore, peaceful solutions should be reached through bargaining in equilibrium

(Fearon 1995, Powell 2002). We limit our analysis to a single round of play, so players are not
3Individual valuations of the disputed issue are captured by each party’s individual costs of fighting, with higher

valuations reducing one’s relative war costs. Both the Target and the Ally prefer total capitulation of the Challenger,
for example, but the Ally may value this outcome weakly less than the Target (VT ≥ VA). This assumes that the Target
faces conflict on or over its own territory and policies, whereas the Ally’s interests in the dispute are more remote.

4Fixing the Ally’s war cost (CA) indicates that the Ally’s contribution to any conflict is predetermined indepen-
dently of any Target or Challenger decisions. Examining the possibility that the Ally’s war costs vary linearly with the
military investment decision of the Target does not change any substantive results.
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learning from habitual interaction. With complete information, this model can be solved through

backward induction, determining each player’s optimal action or best response at each decision

node, beginning with the final decision, and working backward to the start of the game.

So, beginning at the end, in the final action of the game, the Ally decides whether he will

participate in an ensuing conflict. He may choose to cooperate, fighting alongside the Target

against the Challenger, or he may choose to defect, leaving the Target to fight the Challenger

alone. To make this decision, the Ally, being rational, compares what he expects to earn from each

choice given what he observed from all preceding actions, and then opts for the one yielding the

highest payoff. Put simply, if the payoff that the Ally expects to earn by fighting meets or exceeds

the payoff that he expects to earn by defecting from his alliance commitment (α−CA ≥ β−DA),

then he will cooperate and join the fight. Both the Ally’s war cost (CA) and his defection cost

(DA) are exogenous parameters, and are not affected by decisions made within the model. Players

can predict and potentially manipulate the Ally’s behavior by solving for a known quantity, such

as the Ally’s marginal cost of participating in the conflict (CA − DA). If the Ally’s marginal war

cost is sufficiently low (CA −DA ≤ α − β), then the Ally will cooperate; if his costs exceed the

threshold value (CA −DA > α− β), then he will defect.

The preceding choice is made by the Target. She must accept or reject the Challenger’s de-

mands (χ). Just like the Ally, the Target compares the payoffs expected from making each choice

given her knowledge of previous moves and her prediction about the Ally’s behavior. Remember,

the Target knows her Ally’s costs. If the Ally’s war costs fulfill the condition for his cooperation in

war (CA −DA ≤ α − β), and the Target’s expected payoff from fighting a coalition war exceeds

her expected payoff from accepting the Challenger’s demands (α − CT − µ > χ − µ), then she

will reject the Challenger’s demands and opt for war: if war does not pay enough, then she will

accept the Challenger’s demands and settle the dispute peacefully. Similarly, if the Ally’s war cost

is high enough to induce him to defect (CA−DA > α−β), but the Target’s expected payoff when

facing the Challenger alone exceeds her expected payoff from accepting the Challenger’s demands

(β − CT − µ > χ − µ), then she will reject the Challenger’s demands and fight: if such a war
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is too costly, then she will accept the Challenger’s demands. In sum, the Target’s decision here is

one between war and peace given her knowledge of her Ally’s intent to participate and the costs of

war.

In the action prior, the Challenger, endeavoring to redress a grievance or perceived imbalance,

makes his demands (1 − χ). If he asks for too little, he leaves potential gains on the negotiating

table; if he asks for too much, he risks war. The Challenger with complete information can per-

fectly calibrate his demands to extract the maximum possible concessions from his opponent(s)

and mitigate the risk of war. He does this by proposing a resolution to the disputed issue (χ) to

which the Target is indifferent between accepting the Challenger’s proposal, resulting in a peaceful

settlement, and rejecting it, leading to battle (EUT (Accept) = EUT (Reject)). If the Ally’s war

cost fulfills the condition for his cooperation in war (CA ≤ α−β+DA), then the Challenger knows

he will face a coalition if he demands to much; therefore, the Challenger attunes his demands to

the match the value of acceptance with the Target’s expected coalition war payoff (χ = α − CT ).

A rational Target will accept these demands, war will be avoided, and the Challenger will reap his

reward (EUC |T (Accept) = 1− χ). Alternatively, if the Ally’s war cost is sufficiently high to keep

him out of the fight (CA > α − β +DA), then the Challenger, knowing he faces the Target alone,

equates acceptance with the Target’s expected bilateral war payoff (χ = β − CT ) with the same

outcome as above (EUC |T (Accept) = 1− χ).

In the game’s first action, in anticipation of a challenge, the Target makes an investment in mili-

tary capability, deciding both the appropriate size of the overall investment (µ) and its composition

of substitute and complementary capability (µ = λCλ + γCγ). The Target faces a dilemma: the up

front cost of military investment (µ) reduces her expected payoffs while simultaneously increasing

her chances of prevailing in combat. She must weigh the marginal cost of each dollar spent on

military capability against the marginal benefit it yields on the battlefield and its effect on players’

behavior. The Target knows precisely how her investment decisions will influence the behavior of

both the Challenger and her Ally. She makes her decisions with knowledge of her Ally’s intentions,

the probable outcome of any potential conflict, and the Challenger’s optimal demands.
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1.3.1 Key Model Features

Remember, the probability of victory in this model varies according to relative military capability

and expectations of Ally cooperation. To start, think of conflict as a contest function where play-

ers’ military capabilities (Mi) proxy for their effort in the contest. A players’ chances of success

are then determined by their share of the total military capability in play ( Mi∑n
i Mi

). The Target’s

probability of victory in bilateral war is thus expressed as (β = MT

MT+MC
), and the Allies’ combined

probability of victory in coalition war is (α = MT+MA

MT+MA+MC
).

A Target has finite resources that she may invest in defense. Her investment (µ) may be di-

vided between technologies that substitute for those of her Ally and improve her unilateral fighting

capabilities (λ) and those that complement the capabilities of her Ally and enhance the military

strength of the alliance (γ). Each capability has an associated cost factor, therefore a Target’s de-

fense expenditure is measured as the sum the quantity of each acquired capability multiplied by its

cost factor (µ = λCλ + γCγ).

Any military investment or additional participation increases the probability of success for both

the Target and the alliance. Importantly, however, the degree to which any particular investment

increases overall fighting capacity depends upon whether the Target fights alone or with her Ally

and how the Target chooses to invest. For the Target fighting alone, defense spending yields a

corresponding increase in her share of the total military capability and a proportional increase in

her probability of unilateral victory (µ = λCλ + γCγ yields β′ = MT+λ+γ
MT+λ+γ+MC

> MT

MT+MC
=

β). Alternatively, the Target who fights alongside her Ally may increase allied fighting capacity

by a greater margin than the value of her investment if she procures military technologies that

complement the Ally’s capabilities. Therefore, complementary capability (γ) is assigned a positive

weight (ω > 1) when the allies fight together, yielding an outsized increase in the allies’ probability

of victory (the same monetary investment µ = λCλ + γCγ now yields α′ = MT+λ+MA+ωγ
MT+λ+MA+ωγ+MC

>

MT+MA

MT+MA+MC
= α). The optimal investment, then, depends upon its comparative net effects on the

probability of victory in war as well as its relative cost.

To better illustrate this concept, consider a Target who is an armored land power, whose mili-
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tary capability focuses on tanks (MT ). Suppose her Ally is an also an armored land power (MA).

An investment in additional tanks represents a substitute military capability (µ = λCλ+0). This in-

vestment yields additional capability equal to the number of new tanks (λ). This is true whether or

not the Ally participates in the conflict (β′ = MT+λ
MT+λ+MC

> MT

MT+MC
= β and α′ = MT+λ+MA

MT+λ+MA+MC
>

MT+MA

MT+MA+MC
= α). Alternatively, suppose the Ally is an air power, with bombers and attack aircraft

that can strike deep targets. An investment in mobile air defenses represents a complementary ca-

pability designed to help the Ally achieve air superiority and enhance the maneuverability of their

combined forces (µ = 0 + γCγ). Indeed, these air defenses will protect a lone Target from at-

tack by enemy aircraft (β′ = MT+γ
MT+γ+MC

> MT

MT+MC
= β), but they will also enable a greater

number of Ally aircraft to penetrate enemy lines than would have in their absence. This invest-

ment, therefore, adds value (ω) in excess to the Ally’s fighting capability absent the air defenses

(α′ = MT+λ+MA+ωγ
MT+λ+MA+ωγ+MC

> MT+MA

MT+MA+MC
= α). Likewise, revisiting the land power example,

suppose the Target invests in common communication technology. This investment represents a

complementary capability that will enable the allies to fight together more efficiently. Absent the

Ally, this communication capability still enhances the Target’s ability to employ and control its

forces, but when fighting alongside the Ally, this common communication capability enables the

allies to employ their land forces in concert. It helps the allies eliminate redundancy, share intelli-

gence and tactics, and engage more enemy forces, thus gaining efficiencies greater than the value

of the equipment on its own.

1.4 Results

The complete results of the model are provided in the appendix to this paper. The most interesting

results are described below.

Proposition 1: A Target’s best response may be to invest nothing in defense.

Foregoing defense investment, or free-riding, may be a Target’s best option, even if a Target or

an alliance faces a superior Challenger. Any time the cost of additional military capability exceeds

the additional benefits that the expense yields, the Target does best not to invest. For example, a
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Challenger’s demands may be sufficiently small to warrant acceptance over defense spending, such

as a request for a minor policy correction or a public statement. A military buildup would likely

be unjustifiable versus granting such small concessions. Or, the Challenger’s demands might be

quite large, such as ceding territory or fundamentally changing one’s government, but the cost of

sufficient resources necessary to deter a challenge or achieve a favorable settlement could be even

larger.

This result helps explain why certain military alliance members free-ride, and why it is most

often the smaller alliance members. A small targeted state may be so assured by its alliance

commitments from larger powerful states that it does not feel sufficiently threatened to invest in its

own military. That same state may be completely insecure in its alliance commitments, but may

also deem a military buildup to be so costly in the face of its powerful neighbor that it would be

better to risk making some concessions. A small state’s inability to meaningfully alter the military

balance of power relative to larger adversaries and allies makes the small state more likely to fulfill

this condition.

Proposition 2: A Target’s best response may be to spend positively on defense.

Instead, it may be in a Target’s best interest to spend on defense. A Target or alliance facing an

eager Challenger may invest to reduce the Challenger’s imminent demands.5 Contrary to the con-

ditions set forth in proposition 1, when an investment in defense yields benefits that exceed its cost,

then the Target does best by investing in such military capability that maximizes this difference.

When partnered with a cooperative Ally, the Target’s optimal investment is in complementary capa-

bility whenever the added benefit of that capability relative to any substitute capability (ω) exceeds

any additional cost (Cγ − Cλ). She may acquire a capability that exploits a critical vulnerability

of the Challenger, or instead procure technology that enables an Ally to bring some overwhelming

force to bear. If there are multiple possible investments that fulfill this criteria, then the Target

does best by opting for the investment whose benefits exceed his costs by the greatest margin. This

5Depending on players’ risk behavior, a Target may even deter a challenge altogether. Consider a risk averse
Challenger who only issues a challenge if he believes he will prevail in conflict. If the Target can invest in sufficient
capability to match or exceed the capability of the Challenger, then the Target or the alliance has achieved deterrence
and preserved the status quo. In this analysis, however, I assume a risk accepting Challenger.
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may mean the best investment is a relative large one. The remainder of the results assume that the

conditions of Proposition 2 are met, warranting a positive defense expenditure.

Proposition 3: Simultaneously investing in both substitute and complementary military ca-

pabilities is not a Target’s best response.

The model assumes that Targets have some finite pool of resources available to convert to

military capabilities. Each military capability has discrete costs, yields distinct benefits, and is

evaluated in the context of a specific alliance facing a particular Challenger. One might assume

that some combination of capabilities yields the greatest benefit and ultimately the most utility;

however, as demonstrated in proposition 3, alternative investments most often yield disparate val-

ues, and the Target does best to invest all of her available resources in the capability of highest

value. Any resources diverted to a capability of lower value sacrifices the additional utility that the

higher value investment would provide. For example, a Target fighting alongside her Ally does best

to invest in substitutes only if the cost of substitute capability relative to complementary capability

exceeds the weight assigned to complements; otherwise, she does best to invest in complementary

capability. Even if the two alternatives have equal cost, the weight assigned to complements makes

their investment the better choice. Similarly, a Target fighting alone does best to invest in substitute

capability when the cost factor of complements exceeds the cost factor of substitutes by a greater

margin than their individual utilities. If substitutes are more expensive in relative terms, then the

Target does best to invest in complements. If the two costs are equal, then the Target is technically

indifferent, but, as the next proposition demonstrates, she may do best by investing a sufficient

amount in complementary capability to induce her Ally to cooperate.

1.4.1 Comparative Statics

Further analysis comparing the Target’s equilibrium defense spending choices yields interesting

and at times counterintuitive behavior and outcomes.

Proposition 4: A smaller defense expenditure may increase the expected utility of a Target

and her Ally by a greater margin than would a larger defense expenditure.
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Similar to the free-riding result described in Proposition 1, a Target’s best option may be to

make a small defense expenditure rather than a larger one. There are numerous possible invest-

ments that meet this criteria. Because it is difficult to generalize any specific military capability

as being purely complementary or strictly a substitute outside the context of a specific alliance

and conflict, we cannot say that complementary capabilities are necessarily less expensive than

substitute capabilities or vice versa. Also, we cannot say that more expensive capabilities nec-

essarily yield greater military advantages than do cheaper ones. An extremely expensive aircraft

carrier may yield the greatest advantage in one situation as a complement to an ally’s ground forces

against a coastal Challenger. Elsewhere, a less expensive squadron of aerial refuelers may provide

the greatest advantage by enabling an inland air force with extended ranges and longer loiter times.

The same aircraft carrier might instead represent a substitute capability in an alliance with a island-

based naval power, or it might even be useless in a confrontation against a different, land-locked

Challenger. The specific context of a Target’s military investment with regard to both the Ally and

the Challenger determines the extent to which defense spending augments fighting capability, and

the Target need not pursue the most expensive technologies in the greatest quantities to address her

security needs.

In this model, for a Target fighting alone, if the military capability with the lower cost factor

yields greater or equal military benefits, or if the difference in cost factors is large enough to offset

the difference in military benefits, then the Target does better to make the smaller investment. For

a Target fighting with her Ally, any investment in complementary capability is positively weighted,

providing military gains greater than the value of the investment alone. Therefore, a Target in-

vesting in complementary capability, fighting alongside her ally, has the greatest potential to make

gains in military capability at lower cost.

Proposition 5: A Target may influence an Ally to defect through excess spending on substi-

tute military capability. A Target may influence an Ally to cooperate through sufficient spending

on complementary capability.

Every decision in the game tree requires that players consider their probability of victory in war.
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Given that military investments act directly on the probability of victory in war, and in different

proportions, the Target’s spending decision is decisive in shaping players’ subsequent decisions.

Additionally, the Ally’s decision whether or not to participate looms large in the outcome of con-

flict, potentially adding sizeable military capability in opposition to the Challenger. A target, in

this model, may invest enough to change his Ally’s optimal action and earn them both a more

favorable payoff.

Consider a Target, who at the start of the game, prior to making an investment, expects that she

will fight alongside her Ally, due to the Ally’s low cost of fighting or high cost of defection. The

Ally’s threshold cost for defecting is relative; it is determined from the Ally’s understanding of his

probability of prevailing in combat. Any Target investment in military capability increases both the

Target’s and the Ally’s chances of victory. A Target investment in substitute capabilities, however,

increases the proportion of total fighting capability wielded by the Target alone, making the Ally’s

participation less valuable in relative terms. The marginal benefit that the Ally expects to receive

when fighting alongside the Target is reduced when the Target is made stronger. If the Target is

made strong enough, than the additional benefit the Ally expects to earn from participating in a

war may no longer be worth the anticipated cost. Therefore the Target, expecting to fight alongside

her Ally at the game’s start, may induce her Ally to defect by investing too much in substitute

capability.

Conversely, a Target investment that can increase the chances of an allied victory by more than

it increases the chances of a unilateral Target victory makes defection more costly, which in turn

makes cooperation more valuable. Investments in complementary capability not only increase the

allies’ probability of victory, the weight assigned to complementary capability makes the Ally’s

participation more valuable. Therefore, a Target expecting to fight alone at the game’s start, may

invest enough in complementary capability to induce her Ally to cooperate by increasing the value

of the Ally’s cooperation and increasing the cost of defection in relative terms.
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1.5 Discussion

With the above results, we can describe optimal behavior for allied states in a variety of circum-

stances. In many cases, the Target’s spending decision will have no effect on her Ally’s actions.

Consider a small Target, with relatively limited capacity for generating military power, in an asym-

metric alliance in which her Ally wields the preponderance of military power. A relatively weak

Target does best to prioritize actions that preserve and motivate Ally cooperation. In such an al-

liance, however, a Target’s defense spending will have the least effect on the balance of military

power, and thus the rarest opportunity to influence players’ expected payoffs at the margins. A

particularly weak Target may choose to forego any defense expenditure at all, finding advanced

military technologies cost prohibitive and additional conventional, low-technologies negligible in

value. When it is in a Target’s best interest to spend on defense, she often does best by selecting

a low-cost complementary capability that fulfills a vital role for the Ally. If the Ally’s cooperation

is assured, either by low cost of power projection or the importance of the disputed issue, then

the investment in complementary capability yields synergistic benefits to the alliance. If instead

the Ally is certain to defect, an investment in complementary capability still yields military ad-

vantages commensurate with the value of the investment. If the Ally’s expected war cost is close

enough to his threshold cost for defecting from his alliance commitment, then the Target’s expen-

diture on complementary capability can influence her Ally to cooperate in conflict. Only when the

Ally is sure to defect, and when the cost of redundant, substitute capability is less than the cost of

comparable complements, does the Target do best by investing in substitute capability.

Alternatively, as military power and potential are distributed more equitably among alliance

members, the Target obtains more agency over the decisions of other players. When the Target’s

share of the total military force increases, she gains greater ability to affect the expected utility

of the other players at the margins. Many of the actions that best serve weak Targets continue

to serve stronger Targets well. If a strong Target identifies a low-cost complementary capability

that enhances the capabilities of her Ally, then this will often be her best investment. If the Ally’s

cooperation is assured, then the investment in complementary capability, again, affords dispropor-
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tionate gains to the allies. A stronger Target, with greater ability to muster resources for investment

in complementary capability, has greater ability to motivate his Ally’s cooperation in war through

spending. Only when the Target can raise greater military capability through investing in cheap

substitutes compared to that which he expects to receive from his Ally if alternatively investing in

complements does the Target do best by investing in substitute capability. In doing so, she may

even motivate her otherwise cooperative Ally to defect.

It is easy to accept that a Target would want to induce the cooperation of an Ally; after all,

the allies chances of victory are greater if they fight together. It is perhaps unclear why a Target

would motivate an Ally to defect. This option is potentially optimal for stronger Targets who

are able to generate greater military capability than they expect to receive from an Ally. Such

Targets could be said to favor autonomy over security. Thus, a Target may spend and push an Ally

out of participation in a conflict to dissuade him from muddling a post-conflict settlement over

political differences. This issue has been studied elsewhere (Morrow 1991), and the conclusions

presented here comport with prior results and further our understanding of asymmetric alliance

relations. Some may find it unsatisfactory that, in this model, a Challenger is always able to extract

some form of concessions from the Target or the alliance. A simple modification might introduce

a measure of risk tolerance for the Challenger based upon relative military capability, which, if

exceeded, would deter the Challenger from demanding concessions from the Target. Doing so

would bound the upper limits of expenditure for the Target and expand the circumstances in which

her best option is to spend, but it would not substantively change the results presented above. A

fruitful area of future research would be to relax the condition of complete information, following

the prevailing trend in crisis bargaining models. Introducing uncertainty about the Ally’s war

cost and thus his resolve to fight would induce a reinterpretation of the Target’s defense spending

decision as a signal and undoubtedly make possible a bevy of new equilibrium behaviors, including

simultaneous investment in both complementary capability and substitute capability by the Target,

miscalculation resulting in sub-optimal demands by the Challenger, and the potential for war in

equilibrium. Finally, one might investigate the relationship between defense spending and alliance
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behavior empirically, drawing upon existing data on defense spending, alliance membership and

behavior, and war. This is the topic of the next chapter.
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1.6 Appendix 1

1.6.1 Model Parameters

Figure 1.2: Game Tree

µ is the Target’s investment in military capability (first assume no budget constraint),

χ is the Target’s value for the Challenger’s demand,

Mi is the military capability of playeri, and Ci is the war cost of playeri,

α is the probability that the allies prevail in war together,

β is the probability that the Target prevails in war alone.

Recall each player’s war payoffs are as follows:

EUT (CoalitionWar) = α− CT − µ EUT (BilateralWar) = β − CT − µ

EUC(CoalitionWar) = (1− α)− CC EUC(BilateralWar) = (1− β)− CC

EUA(CoalitionWar) = α− CA EUA(BilateralWar) = β −DA

λ is a quantity of substitute military capability, and Cλ is the cost of substitute military capability,

γ is a quantity of complementary military capability, and Cγ is the cost of complements,

ω is a weight assigned to complementary capability when the allies fight together.
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The Target’s probability of victory in war given possible investments are as follows:

Given µ = 0, α = MT+MA

MC+MT+MA
, β = MT

MC+MT
.

Given µ = λCλ, α = MT+MA+λ
MC+MT+MA+λ

, β = MT+λ
MC+MT+λ

.

Given µ = γCγ , α = MT+MA+ωγ
MC+MT+MA+ωγ

, β = MT+γ
MC+MT+γ

.

Given µ = λCλ + γCγ , α = MT+MA+ωγ+λ
MC+MT+MA+ωγ+λ

, β = MT+γ+λ
MC+MT+γ+λ

.

Ally’s Marginal Benefit of Participation in Conflict:

If Target invests nothing in defense: µ = 0

α0 =
MT+MA

MC+MT+MA
, β0 =

MT

MC+MT

α0 − β0 =
MT+MA

MC+MT+MA
− MT

MC+MT

α0 − β0 =
(MT+MA)(MC+MT )−MT (MC+MT+MA)

(MC+MT+MA)(MC+MT )

α0 − β0 =
MAMC

M2
C+2MCMT+MCMA+M2

T+MTMA

If Target invests only in substitute capability: µ′ = λCλ

α′ = MT+MA+λ
MC+MT+MA+λ

, β′ = MT+λ
MC+MT+λ

α′ − β′ = MT+MA+λ
MC+MT+MA+λ

− MT+λ
MC+MT+λ

α′ − β′ = (MT+MA+λ)(MC+MT+λ)−(MT+λ)(MC+MT+MA+λ)
(MC+MT+MA+λ)(MC+MT+λ)

α′ − β′ = MAMC

(M2
C+2MCMT+MCMA+M2

T+MTMA)+(MCλ+MTλ+MAλ+MCλ+MTλ+λ2)

If Target invests only in complementary capability and Ally defects: µ′′ = γCγ

α′′ = MT+MA+γ
MC+MT+MA+γ

, β′′ = MT+γ
MC+MT+γ

α′′ − β′′ = MT+MA+γ
MC+MT+MA+γ

− MT+γ
MC+MT+γ

α′′ − β′′ = (MT+MA+γ)(MC+MT+γ)−(MT+γ)(MC+MT+MA+γ)
(MC+MT+MA+γ)(MC+MT+γ)

α′′ − β′′ = MAMC

(M2
C+2MCMT+MCMA+M2

T+MTMA)+(MCγ+MT γ+MAγ+MCγ+MT γ+γ2)

If Target invests only in complementary capability and Ally cooperates: µ′′ = γCγ

α′′ = MT+MA+ωγ
MC+MT+MA+ωγ

, β′′ = MT+γ
MC+MT+γ

α′′ − β′′ = MT+MA+ωγ
MC+MT+MA+ωγ

− MT+γ
MC+MT+γ

α′′ − β′′ = (MT+MA+ωγ)(MC+MT+γ)−(MT+γ)(MC+MT+MA+ωγ)
(MC+MT+MA+ωγ)(MC+MT+γ)

α′′ − β′′ = MAMC+γMC(ω−1)

(M2
C+2MCMT+MCMA+M2

T+MTMA)+(MCγ+MT γ+MAγ+ωγMC+ωγMT+ωγ2)
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The Target’s optimum investment in military capability maximizes the Target’s expected utility.

Given Ally cooperation, if the Target’s optimal investments are as follows:

If Target invests in complementary capability: If Target invests in substitute capability:

EUT (µ = γCγ) =
MT+MA+ωγ

MC+MT+MA+ωγ
−CT−γCγ , EUT (µ = λCλ) =

MT+MA+λ
MC+MT+MA+λ

−CT−λCλ,

δ
δγ
( MT+MA+ωγ
MC+MT+MA+ωγ

−CT − γCγ) = 0, δ
δλ
( MT+MA+λ
MC+MT+MA+λ

−CT − λCλ) = 0,

ω(MC+MT+MA+ωγ)−ω(MT+MA+ωγ)
(MC+MT+MA+ωγ)2

−Cγ = 0, (MC+MT+MA+λ)−(MT+MA+λ)
(MC+MT+MA+λ)2

−Cλ = 0,

ωMC

(MC+MT+MA+ωγ)2
− Cγ = 0, MC

(MC+MT+MA+λ)2
− Cλ = 0,

γ =

√
ωMC
Cγ

−MC−MT−MA

ω
λ =

√
MC

Cλ
−MC −MT −MA

Target’s utility if she invests in complementary capability (µ = γCγ) and Ally cooperates:√
ωMC
Cγ

−MC√
ωMC
Cγ

−CT−Cγ

ω
(
√

ωMC

Cγ
−MC−MT−MA) = 1−2

√
MC

√
Cγ√
ω
−CT+

Cγ

ω
MC+

Cγ

ω
MT+

Cγ

ω
MA

Target’s expected utility if she invests in substitute capability (µ = λCλ) and Ally cooperates:√
MC
Cλ

−MC√
MC
Cλ

−CT −Cλ(
√

MC

Cλ
−MC−MT −MA) = 1−2

√
MC

√
Cλ−CT +CλMC+CλMT +CλMA

Given Ally defection, if the Target’s optimal investments are as follows:

If Target invests in complementary capability: If Target invests in substitute capability:

EUT (µ = γCγ) =
MT+γ

MC+MT+γ
− CT − γCγ , EUT (µ = λCλ) =

MT+λ
MC+MT+λ

− CT − λCλ

δ
δλ
( MT+γ
MC+MT+γ

− CT − γCγ) = 0, δ
δλ
( MT+λ
MC+MT+λ

− CT − λCλ) = 0,

(MC+MT+γ)−(MT+γ)
(MC+MT+γ)2

− Cγ = 0 (MC+MT+λ)−(MT+λ)
(MC+MT+λ)2

− Cλ = 0,

γ =
√

MC

Cγ
−MC −MT λ =

√
MC

Cλ
−MC −MT

Target’s utility if she invests in complementary capability (µ = γCγ) and Ally defects:√
MC
Cγ

−MC√
MC
Cγ

− CT − Cγ(
√

MC

Cγ
−MC −MT ) = 1− 2

√
MC

√
Cγ − CT + CγMC + CγMT

Target’s expected utility if she invests in substitute capability (µ = λCλ) and Ally defects:√
MC
Cλ

−MC√
MC
Cλ

− CT − Cλ(
√

MC

Cλ
−MC −MT ) = 1− 2

√
MC

√
Cλ − CT + CλMC + CλMT

21



1.6.2 Formal Theory Proofs

Figure 1.3: Ally’s Cooperate/Defect Decision Node

Lemma 1: It is a best response for the Ally to cooperate if and only if α− β ≥ CA −DA.

This complete information model can be solved through backward induction. Beginning with

the final decision, the Ally must decide whether to cooperate in conflict or defect from his alliance

commitment. If the Ally chooses to cooperate, then he earns payoff equal to the probability of

allied victory in war minus his war cost (α − CA). If the Ally chooses to defect, then he earns a

payoff equal to the probability of unilateral Target victory minus the Ally’s cost for failing to honor

his commitment (β − DA). The Ally, being a rational player, will choose the option that yields

the highest payoff. Given that the Target would always prefer that the Ally choose to cooperate,

holding all else equal, I assume that when the Ally is indifferent, as when the expected payoff for

choosing to cooperate equals his expected payoff for choosing to defect, he chooses to cooperate.

Taking λ and γ as given, comparing payoffs yields the following:

Ally will cooperate when α− CA ≥ β −DA. Ally will defect when α− CA < β −DA.

Rearranging terms reveals that the Ally will cooperate when his participation yields an im-

provement in the probability of victory (Ally’s marginal benefit of choosing to cooperate) that

exceeds the additional cost he will incur by fighting (Ally’s marginal cost of cooperating):

Ally will cooperate when α− β ≥ CA −DA. Ally will defect when α− β < CA −DA.
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Figure 1.4: Target’s Accept/Reject Decision Node

Lemma 2.1: If the condition for Ally cooperation (Lemma 1) is met, the Target will choose to

accept the Challenger’s demands (χ) if and only if χ ≥ α− CT .

Lemma 2.2: If the condition for Ally cooperation (Lemma 1) is NOT met, the Target will

choose to accept the Challenger’s demands (χ) if and only if χ ≥ β − CT .

In the preceding decision, the Target must choose whether to accept or reject the Challenger’s

proposed settlement of terms (χ). If the Target chooses to accept, then she earns the portion of the

disputed issue offered to her by the Challenger minus the cost of any up front investment in military

capability (χ−µ). If the Target chooses to reject, then war results. If the Ally’s marginal cost war-

rants a decision to cooperate per the condition specified in Lemma 1.1 above (α−β ≥ CA−DA),

then the Target’s expected payoff for fighting alongside her Ally is equal to the allies’ combined

probability of victory less the Target’s war cost and any upfront cost of investment in military ca-

pability (α − CT − µ). If the Ally’s marginal cost warrants a decision to defect per the condition

specified in Lemma 1.1 above (α− β < CA −DA), then the Target’s expected payoff for fighting

alongside her Ally is equal to her probability of unilateral victory less her war cost and any upfront

cost of investment (β − CT − µ). As above, the Target, being a rational player, will choose the

option that yields the highest payoff and avoid war by choosing to accept when indifferent.
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Taking λ and γ as given , comparing payoffs yields the following for the Target fighting alongside

her Ally:

Target will accept all offers χ−µ ≥ α−CT −µ. Ally will reject all offers χ−µ < α−CT −µ.

Comparing payoffs yields the following for the Target fighting alone:

Target will accept all offers χ−µ ≥ β−CT −µ. Ally will reject all offers χ−µ < β−CT −µ.
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Figure 1.5: Challenger’s Demand Decision Node

Lemma 3.1: If the condition for Ally cooperation (Lemma 1) is met, the Challenger’s opti-

mal offer is the Target’s minimum acceptable offer when fighting with her Ally (Lemma 2.1)

χ∗ = α− CT .

Lemma 3.2: If the condition for Ally cooperation (Lemma 1) is NOT met, the Challenger’s

optimal offer is the Target’s minimum acceptable offer when fighting alone (Lemma 2.2)

χ∗ = β − CT .

The Challenger, acting rationally and with complete information, knows how each player will

respond to his demands. He earns the maximum possible payoff from the Target and her Ally

by extracting the largest possible concessions while avoiding war. He does this by calibrating his

demand to make the Target indifferent between choosing peaceful resolution accept and choosing

war reject.

Comparing payoffs for a Target fighting alongside her Ally, the Target is indifferent when:

χ− µ = α− CT − µ

Comparing payoffs for a Target fighting alone, the Target is indifferent when:

χ− µ = β − CT − µ
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Figure 1.6: Target’s Investment Decision Node

Corollary 1.1: If the condition for Ally cooperation (Lemma 1) is met, the Target’s best

investment (µ) when fighting with her Ally maximizes her value for the allies war payoff

(α− CT − µ = MT+MA+ωγ+λ
MC+MT+MA+ωγ+λ

− CT − λCλ − γCγ).

Corollary 1.2: If the condition for Ally cooperation (Lemma 1) is NOT met, the Target’s

best investment (µ) when fighting alone maximizes her value for her unilateral war payoff

(β − CT − µ = MT+γ+λ
MC+MT+γ+λ

− CT − λCλ − γCγ).

In the game’s first decision, the Target decides what to invest in defense (µ = λCλ+γCγ). She

faces a Challenger acting rationally and with complete information who calibrates his demands (χ)

to extract the maximum possible concessions by meeting her minimum acceptable offer:

χ = α− CT if fighting as allies, or χ = β − CT if fighting alone

Given that the Target will accept such offers in equilibrium, the Target does best by investing

(µ) to maximize her expected payoff for choosing to accept, (earning χ − µ)Interestingly, invest-

ing in military capability simultaneously improves the terms offered by the Challenger (↑ χ) and

induces up front costs (↑ µ).
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Lemma 4: There is no equilibrium where both λ > 0 and γ > 0.

Suppose the condition for Ally cooperation is met (CA ≤ α − β + DA). Suppose also this

Target invests a positive amount, and splits her investment between both substitute and comple-

mentary military capability (µ′ = λ′Cλ+ γ′Cγ). By assumption, complementary capability carries

a positive weight (ω) when the allies fight together while substitute capability does not. This invest-

ment yields additional military capability (λ′ + ωγ′). In equilibrium, a Challenger with complete

information observes this investment and makes an optimal demand (χ′), and the Target accepts,

earning payoff (χ′ − µ′ = α′ − CT − µ′ = MT+λ′+MA+ωγ′

MC+MT+λ′+MA+ωγ′ − CT − µ′).

Instead, suppose this Target invests the same positive amount only in complementary military

capability (µ′ = λ′Cλ + γ′Cγ = µ′′ = γ′′Cγ). This investment thus yields additional military

capability (ωγ′′). Solving this system of equations for the quantity of complementary capability

(γ′′) garnered by the investment in only complementary capability (µ′′) yields γ′′ = λ′Cλ

Cγ
+ γ′.

Comparing the additional military capability yielded by each investment in like terms, investing in

both complementary and substitute capabilities yields λ′ + ωγ′ while investing in only com-

plementary capability yields ωλ′Cλ

Cγ
+ ωγ′. Investing in both complementary and substitute

capabilities yields higher payoffs only if the cost of complements relative to substitutes exceeds

the weight assigned to complements (Cγ

Cλ
> ω). Otherwise, investing in only complements yields

strictly higher payoffs.

Suppose, then, that the relative cost of complements exceeds their weight (Cγ

Cλ
> ω). Now,

suppose that the Target invests the same amount, but only in substitute capability (µ′′′ = λ′′′Cλ).

Again, the Target invests the same amount in each case (µ′ = µ′′′ = λ′Cλ + γ′Cγ = λ′′′Cλ). Solv-

ing this system of equations for the quantity of substitute capability garnered by the investment in

only substitute capability (µ′′′) yields λ′′′ = λ′ + γ′Cγ

Cλ
. Comparing the additional military ca-

pability yielded by each investment in like terms, investing in both complementary and substitute
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capability yields λ′ + ωγ′ while investing in only substitute capability yields λ′ + γ′Cγ

Cλ
.

Because we assumed the relative cost of complements exceeds their weight (Cγ

Cλ
> ω), an invest-

ment in substitute military capability yields strictly higher payoffs than an equal investment in both

complementary and substitute capabilities (α′′′ > α′).

By the definition of best response and the conditions specified above, investing in both comple-

mentary and substitute capabilities is not a Target’s best response when fighting alongside her Ally.

Now, suppose the condition for Ally cooperation is NOT met (CA > α − β + DA). Suppose

also this Target invests a positive amount, and splits her investment between both substitute and

complementary military capability (µ′ = λ′Cλ + γ′Cγ). By assumption, neither complementary

capability nor substitute capability carries a positive weight when the Target fights alone. This

investment thus yields additional military capability (λ′ + γ′). In equilibrium, a Challenger with

complete information observes this investment and makes an optimal demand (χ′), and the Target

accepts, earning payoff (χ′ − µ′ = β′ − CT − µ′ = MT+λ′+γ′

MC+MT+λ′+γ′ − CT − µ′).

Instead, suppose this Target invests the same positive amount only in substitute military capa-

bility (µ′ = µ′′ = λ′Cλ+ γ′Cγ = λ′′Cλ). This investment thus yields additional military capability

(λ′′). Solving this system of equations for the quantity of substitute capability garnered by the

investment in only complimentary capability (µ′′) yields λ′′ = λ′+γ′Cγ

Cλ
. Comparing the addi-

tional military capability yielded by each investment in like terms, investing in both complementary

and substitute capabilities yields λ′ + γ′ while investing in only substitute capability yields

λ′+γ′Cγ

Cλ
. Investing in both complementary and substitute capabilities yields higher payoffs only

if the cost of substitutes exceeds the cost of complements (Cλ > Cγ). Otherwise, investing in only

substitutes yields strictly higher payoffs.

Suppose, then, that the relative cost of substitutes exceeds the cost of complements (Cλ > Cγ).
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Now, suppose that the Target invests the same amount, but only in complementary capability

(µ′ = µ′′′ = λ′Cλ + γ′Cγ = γ′′′Cγ). Solving this system of equations for the quantity of

substitute capability garnered by the investment in only complementary capability (µ′′′) yields

γ′′′ = λ′Cλ

Cγ
+ γ′. Comparing the additional military capability yielded by each investment in

like terms, investing in both complementary and substitute capability yields λ′ + γ′ while

investing in only complementary capability yields λ′Cλ

Cγ
+ γ′. Because we assumed the cost

of complements exceeds the cost of substitutes (Cλ > Cγ), an investment in complementary mili-

tary capability yields strictly higher payoffs than an equal investment in both complementary and

substitute capabilities. In the case where cost factors are equal (Cλ = Cγ), the Target is technically

indifferent, but may do best to invest in complementary capability to motive her Ally to cooperate.

By the definition of best response and the conditions specified above, investing in both com-

plementary and substitute capabilities is not a Target’s best response when fighting alone.
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Proposition 1.1: If the condition for Ally cooperation is met MAMC

(MC+MT+MA)(MC+MT )
≥ CA−DA,

then there is an equilibrium where both λ = 0 and γ = 0 if and only if:
MC

(MC+MT+MA+λ)2
− Cλ ≤ 0, and

ωMC

(MC+MT+MA+ωγ)2
− Cγ ≤ 0.

For a direct proof, suppose that the condition for Ally cooperation is met in the absence of any

Target investment (α0 − β0 ≥ CA − DA). Expanding the values of α0 and β respectively yields

the following: MT+MA

MC+MT+MA
− MT

MC+MT
≥ CA −DA, or

MAMC

(MC+MT+MA)(MC+MT )
≥ CA −DA.

Consider a Target with complete information who invests nothing in defense (µ0 = 0). A Chal-

lenger with complete information observes this investment and demands the Target’s minimum

acceptable offer given Ally cooperation (χ0 = α− CT ), and the Target chooses to accept, earning

her acceptance payoff, equal to her war payoff given Ally cooperation

(α0 − CT − µ0 = MT+MA

MC+MT+MA
− CT ). Foregoing investment in military capability is only a best

response if the Target cannot do better by deviating and investing a positive amount.

Suppose, instead, the Target invests some positive amount in substitute capability (µ′ = λCλ).

This decision alters the Target’s war payoff given Ally cooperation:

(α′ − CT − µ′ = MT+MA+λ
MC+MT+MA+λ

− CT − λCλ). This investment decision yields the Target a lower

expected utility whenever the first order derivative of the Target’s utility function given the invest-

ment less than or equal to that given no investment:

δ
δλ
( MT+MA+λ
MC+MT+MA+λ

− CT − λCλ) ≤ 0

(MC+MT+MA+λ)−(MT+MA+λ)
(MC+MT+MA+λ)2

− Cλ ≤ 0

MC

(MC+MT+MA+λ)2
− Cλ ≤ 0.
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Alternatively, suppose the Target invests in complementary capability (µ′′ = γCγ). This deci-

sion again alters the Target’s war payoff given Ally cooperation:

(α′′ − CT − µ′′ = MT+MA+ωγ
MC+MT+MA+ωγ

− CT − γCγ). As above, this investment decision yields the

Target a lower expected utility whenever the first order derivative of the Target’s utility function

given the investment less than or equal to that given no investment:

δ
δγ
( MT+MA+ωγ
MC+MT+MA+ωγ

− CT − γCγ) ≤ 0

ω(MC+MT+MA+ωγ)−ω(MT+MA+ωγ)
(MC+MT+MA+ωγ)2

− Cγ ≤ 0

ωMC

(MC+MT+MA+ωγ)2
− Cγ ≤ 0.

By the definition of best response and the conditions specified above, it may be a Target’s best

response to invest nothing in defense. □
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Proposition 1.2: If the condition for Ally cooperation is NOT met
MAMC

(MC+MT+MA)(MC+MT )
< CA −DA, then there is an equilibrium where both λ = 0 and γ = 0

if and only if:
MC

(MC+MT+λ)2
− Cλ ≤ 0, and

MC

(MC+MT+γ)2
− Cγ ≤ 0.

For a direct proof, suppose that the condition for Ally cooperation is met in the absence of any

Target investment (α0−β0 < CA−DA). Expanding the values of α0 and β respectively yields the

following: MT+MA

MC+MT+MA
− MT

MC+MT
< CA −DA, or

MAMC

(MC+MT+MA)(MC+MT )
< CA −DA.

Consider a Target with complete information who invests nothing in defense (µ0 = 0). A Chal-

lenger with complete information observes this investment and demands the Target’s minimum

acceptable offer given Ally defection (χ0 = β−CT ), and the Target chooses to accept, earning her

acceptance payoff, equal to her war payoff given Ally defection (β − CT − µ0 =
MT

MC+MT
− CT ).

Foregoing investment in military capability is only a best response if the Target cannot do better

by deviating and investing a positive amount.

Suppose, instead, the Target invests some positive amount in substitute capability (µ′ = λCλ).

This decision alters the Target’s war payoff given Ally cooperation:

(β′ − CT − µ′ = MT+λ
MC+MT+λ

− CT − λCλ). This investment decision yields the Target a lower

expected utility whenever the first order derivative of the Target’s utility function given the invest-

ment less than or equal to that given no investment:

δ
δλ
( MT+λ
MC+MT+λ

− CT − λCλ) ≤ 0

(MC+MT+λ)−(MT+λ)
(MC+MT+λ)2

− Cλ ≤ 0

MC

(MC+MT+λ)2
− Cλ ≤ 0.
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Alternatively, suppose the Target invests in complementary capability (µ′′ = γCγ). This deci-

sion again alters the Target’s war payoff given Ally cooperation:

(α′′ − CT − µ′′ = MT+γ
MC+MT+γ

− CT − γCγ). As above, this investment decision yields the Target a

lower expected utility whenever the first order derivative of the Target’s utility function given the

investment less than or equal to that given no investment:

δ
δγ
( MT+γ
MC+MT+γ

− CT − γCγ) ≤ 0

(MC+MT+γ)−(MT+γ)
(MC+MT+γ)2

− Cγ ≤ 0

MC

(MC+MT+γ)2
− Cγ ≤ 0.

By the definition of best response and the conditions specified above, it may be a Target’s best

response to invest nothing in defense. □
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Proposition 2.1: If the condition for Ally cooperation is met MAMC

(MC+MT+MA)(MC+MT )
≥ CA−DA,

then there is an equilibrium where γ > 0 and λ = 0 if and only if ω ≥ Cγ

Cλ
. For a direct

proof, assume the conditions outlined in Proposition 1 are not met, and a positive investment by

the Target is warranted. Equilibrium spending decisions are then determined by identifying the

optimal expenditures that maximize the Target’s expected utility and then comparing the utility

each decision yields.

Given Ally cooperation, if the Target invests in substitute capability (µ = λCλ), then the Tar-

get’s optimal expenditure and expected utility are as follows:

EUT = α− CT − µ = MT+MA+λ
MC+MT+MA+λ

− CT − λCλ

δ
δλ
( MT+MA+λ
MC+MT+MA+λ

− CT − λCλ) = 0, (MC+MT+MA+λ)−(MT+MA+λ)
(MC+MT+MA+λ)2

− Cλ = 0

λ =
√

MC

Cλ
−MC −MT −MA

EUT = MT+MA+λ
MC+MT+MA+λ

− CT − λCλ

=
MT+MA+

√
MC
Cλ

−MC−MT−MA

MC+MT+MA+

√
MC
Cλ

−MC−MT−MA

− CT − Cλ(
√

MC

Cλ
−MC −MT −MA)

= 1− 2
√
MC

√
Cλ − CT + CλMC + CλMT + CλMA

Given Ally cooperation, if the Target invests in complementary capability (µ = γCγ), then

the Target’s optimal expenditure and expected utility are as follows:

EUT = α− CT − µ = MT+MA+ωγ
MC+MT+MA+ωγ

− CT − γCγ

δ
δγ
( MT+MA+ωγ
MC+MT+MA+ωγ

− CT − γCγ) = 0, (MC+MT+MA+ωγ)−(MT+MA+ωγ)
(MC+MT+MA+ωγ)2

− Cγ = 0

γ =

√
ωMC
Cγ

−MC−MT−MA

ω

EUT = MT+MA+ωγ
MC+MT+MA+ωγ

− CT − γCγ

=
MT+MA+

√
ωMC
Cγ

−MC−MT−MA

MC+MT+MA+

√
ωMC
Cγ

−MC−MT−MA

− CT − Cγ(

√
ωMC
Cγ

−MC−MT−MA

ω
)

= 1− 2
√
MC

√
Cγ

ω
− CT + Cγ

ω
MC + Cγ

ω
MT + Cγ

ω
MA
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Comparing expected utilities, investing in complementary capability (µ = γCγ) yields equal

or greater utility whenever the weight assigned to complementary capability meets or exceeds the

ratio of the cost of complements to the cost of substitutes (ω ≥ Cγ

Cλ
). □
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Proposition 2.2: If the condition for Ally cooperation is NOT met
MAMC

(MC+MT+MA)(MC+MT )
< CA −DA, then there is an equilibrium where γ > 0 and λ = 0 if and

only if Cγ ≤ Cλ.

Given Ally defection, if the Target invests in substitute capability (µ = λCλ), then the Target’s

optimal expenditure and expected utility are as follows:

EUT = β − CT − µ = MT+λ
MC+MT+λ

− CT − λCλ

δ
δλ
( MTλ
MC+MT+λ

− CT − λCλ) = 0, (MC+MT+λ)−(MT+λ)
(MC+MT+λ)2

− Cλ = 0

λ =
√

MC

Cλ
−MC −MT

EUT = MT+λ
MC+MT+λ

− CT − λCλ

=
MT+

√
MC
Cλ

−MC−MT

MC+MT+

√
MC
Cλ

−MC−MT

− CT − Cλ(
√

MC

Cλ
−MC −MT )

= 1− 2
√
MC

√
Cλ − CT + CλMC + CλMT

Given Ally defection, if the Target invests in complementary capability (µ = γCγ), then the

Target’s optimal expenditure and expected utility are as follows:

EUT = β − CT − µ = MT+γ
MC+MT+γ

− CT − γCγ

δ
δγ
( MT γ
MC+MT+γ

− CT − γCγ) = 0, (MC+MT+γ)−(MT+γ)
(MC+MT+γ)2

− Cγ = 0

γ =
√

MC

Cγ
−MC −MT

EUT = MT+γ
MC+MT+γ

− CT − γCγ

=
MT+

√
MC
Cγ

−MC−MT

MC+MT+

√
MC
Cγ

−MC−MT

− CT − Cγ(
√

MC

Cγ
−MC −MT )

= 1− 2
√
MC

√
Cγ − CT + CγMC + CγMT
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Comparing expected utilities, investing in complementary capability (µ = γCγ) yields equal or

greater utility whenever the cost of the optimal investment in substitute capability meets or exceeds

the cost of the optimal investment in complementary capability (Cγ ≤ Cλ). □

37



Proposition 3.1: If the condition for Ally cooperation is met MAMC

(MC+MT+MA)(MC+MT )
≥ CA−DA,

then there is an equilibrium where λ > 0 and γ = 0 if and only if ω ≤ Cγ

Cλ
.

For a direct proof, assume the conditions outlined in Proposition 1 are not met, and a positive

investment by the Target is warranted. Equilibrium spending decisions are then determined by

identifying the optimal expenditures that maximize the Target’s expected utility and then compar-

ing the utility each decision yields.

Given Ally cooperation, if the Target invests in substitute capability (µ = λCλ), then the Tar-

get’s optimal expenditure and expected utility are as follows:

EUT = α− CT − µ = MT+MA+λ
MC+MT+MA+λ

− CT − λCλ

δ
δλ
( MT+MA+λ
MC+MT+MA+λ

− CT − λCλ) = 0, (MC+MT+MA+λ)−(MT+MA+λ)
(MC+MT+MA+λ)2

− Cλ = 0

λ =
√

MC

Cλ
−MC −MT −MA

EUT = MT+MA+λ
MC+MT+MA+λ

− CT − λCλ

=
MT+MA+

√
MC
Cλ

−MC−MT−MA

MC+MT+MA+

√
MC
Cλ

−MC−MT−MA

− CT − Cλ(
√

MC

Cλ
−MC −MT −MA)

= 1− 2
√
MC

√
Cλ − CT + CλMC + CλMT + CλMA

Given Ally cooperation, if the Target invests in complementary capability (µ = γCγ), then

the Target’s optimal expenditure and expected utility are as follows:

EUT = α− CT − µ = MT+MA+ωγ
MC+MT+MA+ωγ

− CT − γCγ

δ
δγ
( MT+MA+ωγ
MC+MT+MA+ωγ

− CT − γCγ) = 0, (MC+MT+MA+ωγ)−(MT+MA+ωγ)
(MC+MT+MA+ωγ)2

− Cγ = 0

γ =

√
ωMC
Cγ

−MC−MT−MA

ω

EUT = MT+MA+ωγ
MC+MT+MA+ωγ

− CT − γCγ

=
MT+MA+

√
ωMC
Cγ

−MC−MT−MA

MC+MT+MA+

√
ωMC
Cγ

−MC−MT−MA

− CT − Cγ(

√
ωMC
Cγ

−MC−MT−MA

ω
)

= 1− 2
√
MC

√
Cγ

ω
− CT + Cγ

ω
MC + Cγ

ω
MT + Cγ

ω
MA
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Comparing expected utilities, investing in substitute capability (µ = λCλ) yields equal or

greater utility whenever the weight assigned to complementary capability is less than or equal to

the ratio of the cost of complements to the cost of substitutes (ω ≤ Cγ

Cλ
). □
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Proposition 3.2: If the condition for Ally cooperation is NOT met MAMC

(MC+MT+MA)(MC+MT )
<

CA −DA, then there is an equilibrium where λ > 0 and γ = 0 if and only if Cλ ≤ Cγ .

Given Ally defection, if the Target invests in substitute capability (µ = λCλ), then the Target’s

optimal expenditure and expected utility are as follows:

EUT = β − CT − µ = MT+λ
MC+MT+λ

− CT − λCλ

δ
δλ
( MTλ
MC+MT+λ

− CT − λCλ) = 0, (MC+MT+λ)−(MT+λ)
(MC+MT+λ)2

− Cλ = 0

λ =
√

MC

Cλ
−MC −MT

EUT = MT+λ
MC+MT+λ

− CT − λCλ

=
MT+

√
MC
Cλ

−MC−MT

MC+MT+

√
MC
Cλ

−MC−MT

− CT − Cλ(
√

MC

Cλ
−MC −MT )

= 1− 2
√
MC

√
Cλ − CT + CλMC + CλMT

Given Ally defection, if the Target invests in complementary capability (µ = γCγ), then the

Target’s optimal expenditure and expected utility are as follows:

EUT = β − CT − µ = MT+γ
MC+MT+γ

− CT − γCγ

δ
δγ
( MT γ
MC+MT+γ

− CT − γCγ) = 0, (MC+MT+γ)−(MT+γ)
(MC+MT+γ)2

− Cγ = 0

γ =
√

MC

Cγ
−MC −MT

EUT = MT+γ
MC+MT+γ

− CT − γCγ

=
MT+

√
MC
Cγ

−MC−MT

MC+MT+

√
MC
Cγ

−MC−MT

− CT − Cγ(
√

MC

Cγ
−MC −MT )

= 1− 2
√
MC

√
Cγ − CT + CγMC + CγMT
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Comparing expected utilities, investing in complementary capability (µ = γCγ) yields equal

or greater utility whenever the cost of the optimal investment in complementary capability meets

or exceeds the cost of the optimal investment in substitute capability (Cλ ≤ Cγ). □
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Comparative Statics

Proposition 4: If the condition for Ally cooperation is met MAMC

(MC+MT+MA)(MC+MT )
≥ CA −DA,

then there is an equilibrium where the Target invests some amount in complementary capa-

bility that yields greater expected utility than would an equal or greater relative investment

in substitute capability if and only if ω ≥ Cγ

Cλ
.

For a direct proof, assume the conditions outlined in Proposition 1 are not met, and a positive

investment by the Target is warranted. To start, assume that the Target recognizes no possible in-

vestment in complementary capability.

Given Ally cooperation, if the Target invests in substitute capability (µ = λCλ), in equilibrium

the Target’s optimal investment and resulting expected utility are as follows:

λ =
√

MC

Cλ
−MC −MT −MA

EUT = α− CT − µ = MT+MA+λ
MC+MT+MA+λ

− CT − λCλ

= 1− 2
√
MC

√
Cλ − CT + CλMC + CλMT + CλMA

Alternatively, suppose instead that an opportunity for investment in complementary capabil-

ity does exist. Given Ally cooperation, if the Target now invests in complementary capability

(µ = γCγ), then in equilibrium the Target’s optimal investment and resulting expected utility are

as follows:

γ =

√
ωMC
Cγ

−MC−MT−MA

ω

EU ′
T = α′ − CT − µ = MT+MA+ωγ

MC+MT+MA+ωγ
− CT − γCγ

= 1− 2
√
MC

√
Cγ

ω
− CT + Cγ

ω
MC + Cγ

ω
MT + Cγ

ω
MA
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Comparing costs and expected utilities, Target investment in complementary capability yields

an equal or larger payoff than would a larger investment in substitute capability whenever the in-

vestment in complementary capability yields a greater probability of victory ( MT+MA+ωγ
MC+MT+MA+ωγ

>

MT+MA+λ
MC+MT+MA+λ

at equal or lesser cost (γCγ ≤ λCλ) compared to an investment in substitute ca-

pability. These conditions may be met when the weight assigned to complementary capability

exceeds the cost ratio of complements to substitutes (ω > Cγ

Cλ
). □
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Proposition 5a: A Target’s defense expenditure may induce an Ally to defect.

Figure 1.7: Target Investment in substitute military capability induces Ally defection

For a direct proof, suppose first that a Target invests nothing in defense (µ = 0). Recall from

Lemma 1, it is a best response for the Ally to choose to cooperate if and only if α−β ≥ CA−DA.

Therefore, in the absence of any Target investment in military capability, the Ally will cooperate

whenever: α0 − β0 ≥ CA −DA,

MT+MA

MC+MT+MA
− MT

MC+MT
≥ CA −DA,

MAMC

(MC+MT+MA)(MC+MT )
≥ CA −DA.

Suppose the Ally’s marginal benefit of participating in conflict barely exceeds the threshold for

cooperation. Now, suppose instead the Target invests some positive amount in substitute military

capability (µ′ = λCλ). This investment increases both the allies probability of victory in war (α′)

and the Target’s unilateral probability of victory in war (β′) and alters the Ally’s decision to coop-

erate whenever: α′ − β′ ≥ CA −DA,

MT+MA+λ
MC+MT+MA+λ

− MT+λ
MC+MT+λ

≥ CA −DA,

MAMC

(MC+MT+MA+λ)(MC+MT+λ)
≥ CA −DA.

From above, the marginal benefit of Ally cooperation given an investment in substitute capa-

bility (α′−β′) is less than the marginal benefit of Ally cooperation absent any investment whenever

λ > 0.
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If the reduction in the marginal benefit of Ally participation wrought by the investment in

substitute military capability is sufficiently large (exceeds the margin by which the benefits of

Ally participation outweigh the costs absent any investment), then choosing to cooperate is no

longer an Ally’s best response: (α0 − β0)− (α′ − β′) > (α0 − β0)− (α∗ − β∗). □
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Proposition 5b: A Target’s defense expenditure may induce an Ally to cooperate.

Figure 1.8: Target Investment in complementary military capability induces Ally cooperation

For a direct proof, suppose first that a Target invests nothing in defense (µ = 0). Recall from

Lemma 1, it is a best response for the Ally to choose to cooperate if and only if α−β ≥ CA−DA.

Therefore, in the absence of any Target investment in military capability, the Ally will cooperate

whenever: α0 − β0 ≥ CA −DA,

MT+MA

MC+MT+MA
− MT

MC+MT
≥ CA −DA,

MAMC

(MC+MT+MA)(MC+MT )
≥ CA −DA.

Suppose the Ally’s marginal benefit of participating in conflict falls just below the threshold for

cooperation. Now, suppose instead the Target invests some positive amount in complementary

military capability (µ′′ = γCγ). This investment increases both the allies probability of victory in

war (α′′) and the Target’s unilateral probability of victory in war (β′′) and alters the Ally’s decision

to cooperate whenever: α′′ − β′′ ≥ CA −DA,

MT+MA+ωγ
MC+MT+MA+ωγ

− MT+γ
MC+MT+γ

≥ CA −DA,

MAMC+γMC(ω−1)
(MC+MT+MA+ωγ)(MC+MT+γ)

≥ CA −DA.

From above, the marginal benefit of Ally cooperation given an investment in complementary

capability (α′′−β′′) is greater than the marginal benefit of Ally cooperation absent any investment

whenever: (α′′−β′′ > α0−β0),
MAMC+γMC(ω−1)

(MC+MT+MA+ωγ)(MC+MT+γ)
> MAMC

(MC+MT+MA)(MC+MT )
.
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If the increase in the marginal benefit of Ally participation wrought by the investment in com-

plementary military capability is sufficiently large (exceeds the margin by which the costs of Ally

participation outweigh the benefits absent any investment), then choosing to cooperate becomes

an Ally’s best response: (α′′ − β′′)− (α0 − β0) > (α∗ − β∗)− (α0 − β0). □
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CHAPTER 2

Defense Spending and Alliance Reliability in Times of War and Peace

2.1 Introduction

The results of the model presented in the first chapter suggest that defense spending may have a

profound influence on the reliability of one’s alliance commitments. The amount a state spends

on defense and the specific capabilities that it acquires can alter an ally’s behavior in the event

of war. By investing in redundant substitute capabilities, those that the alliance already possesses

in strength, a targeted state reinforces her ally’s incentive to defect, and may indeed induce a

defection by an ally who would have otherwise come to her aide. Conversely, an investment in

complementary capabilities, those that improve the efficiency and interoperability of the alliance,

makes one’s alliances more reliable, potentially motivating cooperation by an otherwise reluctant

partner.

This chapter presents an empirical investigation of the relationship between defense spending

and alliance reliability. The purpose is twofold. First, the subsequent analysis endeavors to estab-

lish a general understanding of the relationship between defense spending and alliance reliability,

drawing upon recent scholarship and the most current and complete sources of military spending

and alliance membership data. Second, this research effort seeks to address the results of the model

presented in the previous chapter by evaluating the effects of states’ defense spending decisions

on their alliance commitments in the run up to war. The results indicate that increases in defense

spending reduce the reliability of one’s alliance commitments, as evidenced by an increase in the

incidence of early termination of one’s defense pact agreements following periods in increased

military spending. This result is consistent across both short term increases in defense spending

and longer term trends of increased spending. Conversely, similar increases in defense spending

by states targeted for war yield fewer incidents of defection by allies who are obligated to defend

them. Together, these results support two interesting conclusions. Alliance relationships are ad-
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versely affected by the relative power shifts implied by defense spending; however, when war is

on the horizon, the desire for greater allied military force overrides these negative effects.

A direct examination of the results of the formal model presented in the previous chapter re-

quires granular data on the specific content of each state’s defense expenditures over time. Each

state’s military capability would need to be assessed against that of its allies and adversaries to de-

termine if each new investment constitutes a substitute capability or a complementary capability.

As described in the previous chapter, such a determination is dependent upon the specific context

of each alliance partnership and principal threat. Recently, scholars have made promising progress

toward producing more detailed defense spending data, but for current decades (Gannon 2021).

The research described below employs the most current defense spending data, but the figures

used are aggregate annual measures for each state rather than itemized defense spending budgets.

Even a compilation of many available sources that report defense spending data are missing ap-

proximately 14% of such annual observations.

In the subsequent sections, I first review relevant scholarship that helped to inform and shape

this analysis, identifying prevailing theory in need of update and revision. Next, I describe the

research design and data selection and collection decisions made to enable hypothesis testing. I

then report the results of the analysis, including checks for the robustness of my findings and

extensions to the main analysis. I conclude with a brief discussion of the implication of the results.

2.1.1 Arms versus Allies

Most studies addressing both arms and allies together examine the purported trade-off between the

two. Waltz (1979) considers the polarity of the international system to be an important determinant

of alliance and defense spending behavior, with multipolar systems favoring alliances while bipo-

lar systems favor arming. Christensen and Snyder (1990) contend that a comparison of offensive

and defensive advantages better explains the choices states make. Alliances offer a quicker redress

of power imbalances, which is more necessary if offensive advantages dominate, whereas defen-

sive advantages afford the opportunity to rebalance more slowly through arming. Altfeld (1984)
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established that analysis of economic factors reveals optimal choices are made at the margins, with

states doing best to pursue whichever capability, arms or allies, produces the greatest marginal

benefit at the lowest marginal cost. Morrow (1993) furthers this position, offering that the decision

is dynamic. When states exhaust the marginal benefits of the cheapest option, then they do best

by switching to another. Collectively, these studies fail to examine how armament and alliance

decisions are made simultaneously. We know however, that states continue to allocate resources

toward defense while also entering into and maintaining alliance agreements. This study examines

how the arms versus allies trade-off functions within alliances after they are formed.

2.1.2 Defense Spending in Military Alliances

The study of defense spending within the context of military alliances often addresses the way in

which alliance members approach sharing the burdens of collective defense. Scholars have paid

particular attention to the causes and consequences of free riding, whereby certain alliance mem-

bers bear disproportionately large responsibility for the overall security of the alliance while others

make little or no contribution to allied defense. Olson and Zeckhauser (1966) wondered why so

many of the NATO Alliance’s smaller European members contributed comparably less to alliance

security than their larger, more distant counterparts when these smaller European Allies in fact

faced greater peril due to their proximity to the expected European front. They determined that

the public nature of the collective security good and the unequal marginal benefits that accrue to

alliance members explain why larger states, who stand to gain and lose more from conflict in ab-

solute terms, make greater relative contributions to collective defense. While many scholars have

updated Olson and Zeckhauser’s theory since its publication, its main finding continues to hold.

Subsequent research has shown that relative state size alone inadequately explains free riding be-

havior (Plümper & Neumayer 2015), declining hegemony upends burden sharing arrangements

(Oneal & Elrod 1989), and private interests and the specific military strategies pursued by states

better define member contributions (Murdoch & Sandler 1991). These studies examine the in-

fluence of alliance member characteristics on defense spending, whereas this study takes defense
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spending as its principal independent variable and considers the effects of defense spending on ally

behavior.

When research has taken defense spending as a treatment variable, the focus has primarily

been on the utility of investing in specialized capabilities. Some argue that the specialization op-

portunity that alliances provide and the efficiencies it yields are a main driver in the formation of

alliance agreements (Lake 1999). Similarly, Gonzales & Mehay (1991) examined defense spend-

ing by NATO states over a decade and argued that the specific capabilities that each ally brought

to bear motivated cooperation among member states. More recently, Horowitz et al (2017) used

data on military conscription to deduce that the effectiveness of certain military capabilities influ-

ences states’ motivation to form alliances as well as their ability to serve alliance interests. These

efforts have produced only narrow examinations with limited results. While I believe that future

research should further expand our understanding of how the character of specific investments in

military capability influence alliance behavior, more work is needed to provide a more compre-

hensive accounting of states’ military spending. Researchers attempting to examine any state’s

military spending over time face numerous challenges in compiling and coding data because states

have incentives to conceal or misrepresent their military capabilities (Fearon 1995) and because re-

porting defense spending is inherently complex. The availability of defense spending data is often

sparse and the reliability of the data is sometimes questionable. Researchers must make numerous

decisions to produce consistent estimates, as state military and bureaucratic roles, structures, and

processes vary widely. As such, this work draws from several available military spending data

sources and employs aggregate military spending as a treatment variable as opposed to military

specialization.

2.1.3 Alliance Reliability in War and Peace

Several studies have examined violations of alliance commitments in times of war, and the re-

sults vary widely. An early effort by Sabrosky (1980) provided a pessimistic view of the utility of

formal alliance agreements, reporting that only approximately one-quarter (27%) of allies fought
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alongside their partners when called upon in 50 conflicts from 1816 to 1965. Conversely, while

examining a similar period, Leeds et al (2000) contended that three-quarters of alliance agreements

were upheld in 52 conflicts from 1816 to 1944 after adjusting Sabrosky’s methods to account for

the specific requirements laid out in the provisions of each alliance agreement. More recently,

Berkemeier and Fuhrmann (2018) identified a temporal disparity in the fulfillment of alliance obli-

gations, asserting that, prior to WWII, alliances were upheld in two-thirds of all opportunities

(66%) while, in the post-WWII period, allies honored less than one-quarter (22%) of their agree-

ments, yielding a combined cooperation rate of 50% in 70 wars from 1816 to 2003. This study

endeavors to inform this debate by reporting states’ fulfillment of their alliance obligations using

the most updated data and methods.

An important related study by Johnson (2016) investigated the role of alliance obligations in

states’ decisions to intervene in conflict. Johnson found that states’ intervention decisions com-

ported closely with their alliance commitments - states party to defense pacts demonstrate greater

propensity to intervene on behalf of targets while those with offensive obligations are more apt

to join challengers. Johnson’s work provided a useful update to earlier work on the fulfillment of

alliance agreements in wartime, examining war intervention opportunities and alliance commit-

ments from 1816 - 2003. A notable earlier work by Leeds (2003) more closely scrutinized alliance

violations in wartime, aiming to identify specific factors contributing to allied defection, namely

relative power and relative democracy. Leeds identified a significant positive link between alliance

violations and major power status as well as changes in relative power. She also found a significant

negative relationship between the probability of defection and a state’s measured democracy score.

Alternatively, researchers have chosen to examine alliance reliability in peacetime, studying

the conditions under which states prematurely terminate alliance agreements. Morrow (1991) ex-

amined whether a trade-off exists between states’ autonomy and their security, considering, among

several hypotheses, whether changes in military capabilities yield changes in the probability that

alliances break up. Reporting similar results to Leeds (2003), Morrow found that there is indeed a

positive relationship between changes in relative power and early alliance termination. Gartzke &

52



Gleditsch (2004) examined the link between political institutions and alliance reliability, conclud-

ing that the political volatility inherent to democracies makes them unreliable allies. Conversely,

Leeds et al (2009) find that democratic institutions mitigate the negative effects of political volatil-

ity on international cooperation.

Much of the empirical research regarding the reliability of military alliances considers per-

sistent characteristics of member states, such as their history of belligerence (LeVeck & Narang

2016), method of governance (Leeds et al 2009), and enduring interests (Gibler & Rider 2004).

Largely overlooked are the specific decisions that states make in the time prior to war’s onset. Due

to challenges in collecting sufficient data, such work often narrowly focuses on specific regions

(Sorokin 1994) or covers limited time periods long past (Morrow 1991; Leeds 2000). Studies that

consider the dynamic factors influencing ally behavior are in need of updating.

2.2 Theory and Design

In this work, I examine the empirical record of states’ war intervention behavior to test theory using

current war onset, alliance membership, and defense spending data. I primarily consider defense

pacts to comport with the theory presented in the previous chapter. I endeavor to elucidate a more

nuanced understanding of the factors that influence alliance reliability. The principal concern of

this study is the direct influence of military spending on ally behavior. I consider both the durability

of alliance commitments both in peacetime and in the run-up to war.

Just as the arms versus allies trade-off functions in alliance formation decisions, I expect that it

functions to some degree within military alliances as well. In determining whether to pursue arms

or allies to redress security imbalances, states make optimal choices by considering the marginal

benefits of each option. As the conditions under which an alliance was formed change, the rele-

vance of that alliance may be called into question (Leeds & Savun 2007). Defense spending, if it

portends a shift in the military balance of power, may lead to a reappraisal of defensive obligations

among one’s allies. In peacetime, this may be exhibited by more instances of early abrogation of

alliance commitments following periods of increased defense spending by one or more alliance
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members. Recall that allies face defection costs when they renege on their defensive obligations

once invoked; they may be deemed less desirable partners in the future, or they may engender

dissension at home for losing face. Allies face similar costs when they abrogate an alliance agree-

ment early; however, these costs are arguably less than those incurred when abandoning a partner

under attack. More importantly, increases in defense spending by one alliance partner often reduce

the marginal benefit of participation in conflict for the others as the spending state becomes more

able to achieve favorable unilateral outcomes in both bargaining and war. The reduction in these

states’ marginal benefits of fighting a potential war coupled with costs of maintaining their alliance

commitments makes early abrogation a desirable action whenever the relatively lesser cost of early

abrogation is exceeded. The urgency to address specific alliance vulnerabilities is reduced absent

an imminent threat, and the impetus to gain battlefield efficiencies through complementary mili-

tary spending may be overridden by more general security concerns. This drives more redundant

substitute military spending, which increases the likelihood of defection.

Hypothesis 1: An increase in a state’s defense spending results in an increase in the likelihood

that its alliance partners will terminate their defensive obligations early.

Similarly, states deciding whether to intervene or remain neutral in conflict must consider the

marginal benefits of joining that conflict. An ally’s marginal benefit of participating in war could

be increased by a partner’s military investment if it specifically addresses the ally’s war costs or

augments his existing capabilities. Conversely, an investment could reduce an ally’s marginal

benefit of cooperating in conflict if it primarily serves the security needs of the targeted state. In

wartime, however, the exigencies of battle weigh heavily on state’s decisions and may even sway

leaders from rational decision-making processes. If unilateral concerns dominate, then state’s

may be more likely to augment their own security, investing in substitute capabilities that reduce

the reliability of their alliance commitments. Alternatively, if cooperative concerns prevail, then

states will procure complementary capabilities that both enhance their ability to fight together and

strengthen their alliance bonds.

Hypothesis 2a: (Unilateralism dominates) An increase in defense spending results in an in-
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crease in the likelihood that one’s ally’s defect from their defensive obligations in wartime.

Hypothesis 2b: (Multilateralism dominates) An increase in defense spending results in a de-

crease in the likelihood that one’s ally’s defect from their defensive obligations in wartime.

2.2.1 Alliance Membership

In order to evaluate any hypotheses pertaining to upholding alliance commitments, one must de-

termine a state’s alliance relationships. For this information, the work of Leeds et al (2002), the

Alliance Treaty Obligations and Provisions Project (ATOP), provides the most comprehensive data.

The data report alliance membership, start and end dates, applicable provisions, and the circum-

stances of termination as well many other parameters. Because the theory first pertains to targeted

states, alliance treaties binding one state to provide military aide to another in the event of attack are

of particular importance. The ATOP directed dyad-year dataset codes 137,660 instances of such

defensive obligations from 1815 to 2018.1 Combining the alliance data with the war participation

data identifies 256 defensive obligations that were invoked during wartime. 2

2.2.2 War Participation and Roles

To identify the incidence of war as well as each war’s participants and their roles, this study draws

upon data prevalent in contemporary literature maintained by Sarkees and Wayman (2010), the

Correlates of War Project (COW). The COW project identifies 337 participating states in 95 in-

terstate wars from 1816 to 2007 that meet selection criteria of 1,000 annual battle deaths. Impor-

tantly, the data identifies a side (1 or 2) for every participating state in each conflict. In bilateral

war, identification of the target and her challenger are simple - they are simply the states identified

1Due to some similarity in theoretical logic, upholding offensive obligations may also be relevant. ATOP codes 263
additional instances of states’ obligations to join conflict on the side of the initiator (6,059 instances in which states’
simultaneously bare offensive and defensive obligations to their partners). Such offensive obligations are considered
in an extension to the model.

2To more accurately code relevant alliance obligations, one must assess whether a conflict met the specific provi-
sions of an alliance agreement, as some alliance agreements pertain only to specific threats and circumstances. Recent
work by Johnson (2016) recorded 120 instances in which the circumstances met obligation provisions from 1816 -
2007. For robustness, I test the results against both the broader sample of 256 defensive obligations and the smaller
sample of 120 invoked alliances. I argue that it is reasonable to assume that states targeted for war would reach out to
all alliance partners for support regardless of the specific provisions of their defensive alliance agreements.
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as opposing participants in the conflict. When more than two states are party to a conflict, then

the target and the challenger are identified by the earliest conflict initiation dates by participants

on opposing sides. As in Johnson (2016), when states have identical conflict initiation dates, I

determine targets and challengers by referencing corresponding militarized international disputes

(MIDs) that preceded the conflict according to COW data and applicable literature resulting in a

target and a challenger for each conflict.3 Of the remaining participants, 89 joined targets in battle

and another 58 states joined initiators.4

2.2.3 Dependent Variables - Early Alliance Termination and Wartime Alliance Defection

I use the early termination of defense pact obligations to proxy for alliance reliability. The ATOP

project again provides useful data. The member-level dataset reports termination dates for every

recorded alliance as well as the circumstances under which each alliance ended (Leeds et al 2002).

For years in which a defense pact terminated prior to the date specified in the alliance provisions

(if any) due to a violation of terms by one or more of its members, I code member states as having

experienced an early alliance termination (early term = 1). All other state-years are coded as

zero. The ATOP data report 189 incidences of early termination of defense pacts among 8,877

state-year observations since 1816.

Combining alliance membership data with war participation data yields an indicator variable

which captures the outcome of alliance cooperation decisions. Directed dyad-years in which state

pairs represent parties to a defense pact and the allied state either remains neutral or joins the

challenger are coded as defections from defensive alliance obligations (defect = 1). State pairs

representing parties to a defense pact in which the joining state enters the war on the side of the

target are coded as honoring an alliance obligation (defect = 0). Of the 120 defense pacts invoked

in wartime from 1816 to 2007, states intervened on behalf of the challenger twice, on behalf of

the target 29 times, and remained neutral 89 times, resulting in 91 instances of defection from

defensive obligations (74%). This finding much more pessimistic than recent accounts, likely ow-
3As in Johnson (2016), I include both Poland and the UK as targets of Germany in WWII increasing the dataset to

96 pairs of challengers and targets.
4A list of wars, participants, and roles is included in the appendix.
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ing to this work’s analysis of directed dyads compared to previous studies’ alliance-level analysis

(Sabrosky 1980; Leeds 2003; Gibler 2004; Burkemeier & Fuhrmann 2018). In several instances,

numerous states simultaneously defected from defensive commitments to a single target. For ex-

ample, nineteen Middle Eastern and North African states defected from their obligations to defend

Iraq by remaining neutral after the United States invaded in 2003. I code these each as separate

alliance defections, while others would code them as a single alliance defection. 5

2.2.4 Independent Variable - Defense Spending

Beckley (2018) notes that measuring state power is a difficult task, and doing so accurately may

indeed be impossible, as it entails knowing and measuring the multitude of each states interests and

influences. Scholars have employed numerous measures to capture state power, including GDP,

defense spending, and composite indices, each subject to their own critiques. In this study, I use

defense spending data, as it arguably offers the clearest, most direct link between security decision

making and wartime outcomes.

Fortunately, several notable endeavors compile defense spending data and explain the collec-

tion efforts. I again rely upon the Correlates of War Project using the most recent version of data

originally compiled by Singer (1987). The National Military Capabilities dataset reports a mea-

sure of defense spending for each state over a 200-year period from 1816 to 2016, recording 15,951

state-year observations with values ranging from $0 to over $690 billion (current USD). Despite, or

perhaps in light of this large collection effort, defense spending data is missing for 13.9% of total

observations, most often in earlier periods, and is missing in the years leading up to an instance of

defection in 41 of 91 defection cases (45%).

To provide the most precise description of the relationship between a state’s defense spending

and the behavior of its allies, I measure growth over several time periods. I first calculate acute

growth, comparing defense spending in the year prior to war onset (t-1) against a rolling average of

each state’s defense spending. I also compare spending in the three-year period prior to war onset
5Early research on alliance defection counted alliance cooperation opportunities for any pair of states party to a

defense pact and did not account for the specific provisions of alliance agreements. As a robustness check, I employ
this conception of alliances, which more than doubles the sample size. The results remain consistent.
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to each state’s rolling average. Figures 2.1 and 2.2 plot the relationship between defense spending

growth and early alliance termination. Figures 2.3 and 2.4 plot the relationship between defense

spending and wartime alliance defection.

Figure 2.1: Acute Increase in Defense Spending and Early Alliance Termination

Figure 2.2: Trend of Increased Defense Spending and Early Alliance Termination
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Figure 2.3: Acute Increase in Defense Spending and Alliance Defection

Figure 2.4: Trend of Increased Defense Spending and Alliance Defection
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2.2.5 Control Variables

To identify appropriate control variables, one must examine a factor’s potential to affect both a

target state’s defense spending and an ally’s decision to enter a conflict. Certainly, the implications

of relative power imbalances and changes in relative power among allies and adversaries are well

studied. The relative size of states determines their propensity to spend on defense, varying in

relation to both the size of their adversaries and their partners, with larger states being more apt

to favorably influence their relative security through defense spending (Palmer 1994). Also, major

powers are more likely to defect because they are better able to bear the costs of defection than

smaller states (Leeds 2003). Here, I consider an ally’s power relative to his adversary rather than

inter-alliance power dynamics. I hypothesize an inverse relationship between an ally’s propensity

to defect and his power relative to his adversary because more powerful states enjoy a greater

marginal benefit of participation in conflict than do smaller partners.

The COW project again provides an apt measure, the Composite Index of National Capabilities

(CINC) score, to proxy for states’ military capability, reporting a relative power score for each state

from 1816 to 2016 (Singer, 1987). I calculate the ally’s power relative to the challenger at the time

of his intervention decision as a control variable with the following expression:

ALLY POWER =
CINCAlly,t

CINCAlly,t + CINCChallenger,t

This expression yields a value between 0 and 1 and grows with the relative power of the ally.

Also, the threat environment of the ally influences his decision whether to abrogate an existing

alliance and whether to participate in conflict. If an state lives in a hostile neighborhood, he may

want to preserve the deterrent value of his alliance agreements (Morrow 1994; Smith 1995; Walt

1987, 1997, Leeds & Savun 2007). Conversely, if an ally deems his partner to be under constant

threat, that partnership represents a security liability. If he has numerous adversaries to consider,

he may be less willing to commit military forces in defense of a partner. More specifically, if an

ally faces threats in addition to the challenger against whom they are called to defense, then he

60



will be less likely to disperse his own military capability. Alternatively, a history of conflict with

that challenger may make an ally more likely to join the in defense of the target. Thus, I include a

measure of the ally’s relative threat environment as a control variable. To calculate this variable, I

draw from the COW project’s dyadic Militarized Interstate Dispute (MID) dataset, which captures

threats, demonstrations of military force, and minor military clashes that fall short of the criteria

to be counted as interstate war. (Maoz, 2018) I count the number of MIDs in which a state was

identified as a principle target during the five and ten year periods preceding the onset of war. For

targeted states, I subtract the MIDs in which the wartime challenger was a participant.

MIDCOUNT =
t−5∑
t−1

MIDi,k −
t−5∑
t−1

MIDi,Challenger

By similar logic, the size of a state’s alliance portfolio influences the reliability one’s alliance

commitments. As the size of one’s alliance portfolio increases, the value of any particular alliance

decreases in proportion to the relative power of the joining state. Conversely, if a state loses an

alliance partner, the value of its remaining alliance obligations increases. Using ATOP state-level

data, I create an indicator variable recording whether a state gained any alliance partners in the

period prior to alliance termination.

Domestic political factors have been proven pivotal in assessing alliance reliability. Alliances

between politically similar states should be more durable to shocks and last longer (Bennett 1997).

Material support is more likely to be provided in disputes pursuing similar interests by states

with aligned policies. (Morrow 1994, Smith 1995) Also, alliance dissolution is directly linked

to changes in domestic political structure. (Walt 1997) I employ two variables common in the lit-

erature to capture these concepts. First, I measure political differences between allies. The Center

for Systemic Peace’s Polity 5 dataset (Marshall 2018) reports a measure of authoritarianism versus

democracy across a sliding scale, from which I take the absolute value of the difference between

each ally’s score. Also, as democratic states have been demonstrated to make more reliable al-

liance commitments (McGillivray & Smith 2000, Leeds et al 2009), I code an indicator variable

61



for democracy for any state-year with a regime score higher than 6.

Additionally, as the distance between a target and her ally increases, the ally’s cost of partici-

pating in the target’s defense also increases, reducing the likelihood of cooperation. Also, closer

allies mean lesser costs of cooperation, which may obviate the need for large expenditures by the

target in preparation for war. In keeping with trends in contemporary scholarship, distance is mea-

sured between the capital cities of the target and her allies. As in Johnson (2016), I take the natural

logarithm of the linear distance between capitals to reduce its effect as distances become greater.

I do not employ this as a control variable to predict early termination because states have already

considered distance at alliance formation; however, in wartime, distance bears real cost.

2.2.6 Model Estimation

First, I examine the spending behavior of states targeted for war to determine if their defense spend-

ing patterns differ in any consistent and significant way from those not targeted for war. I compare

these ninety-six states’ spending to all states party to defense pacts as well as the total population of

states for which there is recorded spending data. I create an indicator variable recording whether

or not a state was targeted for war in a given year (is.target = 1) and conduct ordinary least

squares regression analysis of this dependent variable on the defense spending treatment variables

described above. For this and the analysis of early alliance termination, the state-level data and the

large population size (5,640) warrants the inclusion of fixed effects (Hausman, 1978, Liang Zeger,

1986; Arellano, 1987, Cameron Miller, 2015).

To test the hypotheses, I estimate two ordinary least squares models for each scenario. First,

I examine the relationship between defense spending and early alliance termination. I consider

an acute spending increase to be a growth in defense spending in any year relative to the state’s

rolling average. I regress the incidence of early termination on this measure of acute spending

growth. For the second model, I consider a trend of increased defense spending to be a three-year

spending period that exceeds the state’s rolling average. I regress the incidence of early termination

on this growth trend measure. I report the results of the base OLS estimation, the OLS estimation
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with state and year fixed effects, and the complete OLS estimation with fixed effects and controls

with cluster robust standard errors in Table 2.1. I follow the same procedure and regress wartime

alliance defection on the spending variables described above. I report the results of the base OLS

estimation and the OLS estimation with controls and robust standard errors in Table 2.2. I forego

fixed effects here due to the relatively small number of relevant observations (72).

2.3 Results

First, there is no statistically significant relationship between a state’s defense spending and its

being targeted for war nor its membership in a defense pact. This perhaps reflects competing

forces. The likelihood of a challenge motivates states to spend on defense while states that spend

more on defense deter potential challengers. This result addresses potential bias and enhances the

validity of the subsequent findings.

Next, if the first hypothesis is correct, then an increase in defense spending will lead to an

increase in the likelihood that a defensive alliance terminates early in violation of its provisions.

This is indeed what we observe. Drawing from the full population of states party to defense

pacts, the model reports a positive and statistically significant relationship between increases in

defense spending and the termination of defensive alliances early in violation of their terms. This

result applies whether one considers short-term, acute increases in defense spending or longer-term

trends of increased defense spending across all model specifications. The substantive effects are

quite small, whereby a near-term increase in defense spending of one standard deviation above the

ten-year average is an increase in the incidence of early alliance termination by 0.000028 (0.002%).

The substantive effect of a sustained increase in defense spending over a three-year period is nearly

five times larger than an acute increase, increasing the incidence of early termination by 0.00013

(0.01%). Also, in accordance with theory, an increased threat environment and a domestic political

shift show a positive and significant relationship with early alliance termination, while a high

democracy score reduces one’s risk of early alliance termination. The recent gain of an ally shows

no statistically significant relationship here with subsequent alliance reliability.
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Table 2.1: OLS regressions of defense spending on early alliance termination (no data imputation)

Model 1 Base OLS Estimation OLS with Fixed Effects OLS with FE & Controls

Acute Increase
in Defense Spending

0.0061 *
(0.0029)

0.0056 .
(0.0033)

0.0069 .
(0.0041)

Threat Environment
(# MIDs last 5 years)

0.0136 *
(0.0053)

Political Change
(+/-2 Polity)

0.0189 .
(0.0113)

Democratic State
(Polity Score >5)

-0.0149 *
(0.0059)

Gain of Ally
0.0036

(0.0079)

Model 2 Base OLS Estimation OLS with Fixed Effects OLS with FE & Controls

Trend of Increased
Defense Spending

0.0143 **
(0.0051)

0.0165 *
(0.0065)

0.0179 *
(0.0076)

Threat Environment
(# MIDs last 5 years)

0.0097 *
(0.0039)

Political Change
(+/-2 Polity)

0.0188 .
(0.0111)

Democratic State
(Polity Score >5)

-0.0153*
(0.0059)

Gain of Ally
0.0036

(0.0080)

Observations 5,640

Notes:
Standard errors in parentheses.
.p <0.1, *p <0.05, **p <0.01, ***p <0.001.
Acute increase calculated by comparing defense spending in year t-1 to 10-year average.
Increasing trend calculated by comparing 3-year average defense spending to 10-year average.
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Table 2.2: OLS regressions of defense spending on wartime alliance defection (no data imputation)

Model 1 Base OLS Estimation OLS with Controls

Acute Increase
in Defense Spending

-0.0267
(0.1549)

-0.3597 .
(0.1960)

Ally Relative Power
(CINC Ratio)

0.6881 *
(0.3136)

Ally Threat Measure
(# MIDs in last 5 years)

-0.0519 .
(0.0269)

Distance between
Ally and Target

0.0660
(0.0515)

Political Difference
0.0228 *
(0.0098)

Model 2 Base OLS Estimation OLS with Controls

Trend of Increased
Defense Spending

-0.0672
(0.4934)

-1.2032 .
(0.6255)

Ally Relative Power
(CINC Ratio)

0.3917
(0.3038)

Ally Threat Measure
(# MIDs in last 5 years)

-0.0306
(0.0188)

Distance between
Ally and Target

0.1288 *
(0.0519)

Political Difference
0.0245 *
(0.0095)

Observations 72

Notes:
Standard errors in parentheses.
.p <0.1, *p <0.05, **p <0.01, ***p <0.001.
Acute increase calculated by comparing defense spending in year t-1 to 5-year average.
Increasing trend calculated by comparing 3-year average defense spending to 5-year average.
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After accounting for the ally’s relative incentive for participating in the conflict, the ally’s

threat environment, and political and physical distance between allies, the fully specified model

reports a negative and statistically significant relationship between defense spending and wartime

defection from defensive alliance obligations. Again, this relationship is consistent whether one

considers immediate increases in defense spending or trends of increased defense spending over

time. The substantive effect of a one-standard deviation increase in defense spending above the

five-year average is a decrease in the incidence of defection by over 7%. The substantive effect

of a sustained increase over a five-year period is an decrease in the incidence of defection by over

75%. Physical distance, political differences, and the ally’s power relative to the adversary all

bear positive relationships with ally defection, all conforming with prevailing theories of alliance

reliability. Interestingly, the ally’s threat environment, even when removing the challenger from

consideration, bears a negative relationship with alliance defection.

2.3.1 Robustness Checks

To test the robustness of these results, I consider numerous conceptions of defense spending

growth, comparing defense spending in the year prior to conflict to the previous year (t-2) and

the three, five, and ten-year averages, as well as comparing each periodic average to one another.

I also test the results against dummy variables indicating whether defense spending growth met

a threshold level of one standard deviation above the five-year and ten-year means. In nearly all

cases, the results remain consistent. Comparing defense spending in the year prior to conflict (t-1)

to spending two-years prior to conflict (t-2) yields inconsistent results. In some instances, com-

paring growth to the ten-year mean reduced the statistical significance of the results, but did not

alter the substantive relationships. Additionally, whether analyzing a larger sample of over 250 de-

fense pact intervention opportunities or the stricter 120 opportunities that consider each the specific

provisions of each agreement, the results remain consistent. I also include ally intervention oppor-

tunities for parties to offensive obligations. I test this to determine whether the effect of increased

defense spending by one’s allies functions similarly across all states called to fight on behalf of
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another, whether it be to aid aggression or to bolster defense. Again the results demonstrate a neg-

ative and significant, though slightly attenuated relationship. Finally, I impute the missing values

for military expenditure using each state’s rolling ten-year mean value. Here, I observe a change

in statistical significance, but no change in the substantive results.

2.4 Discussion

The disparity between these findings in interesting. On the one hand, we observe the general trend

of alliance agreements becoming less reliable as member states increase their defense spending.

This result aligns with prevailing scholarship which reports that relative power shifts reduce the

reliability of alliance agreements. Military capability appears, then, to be a good proxy measure

for a state’s relative power. On the other, we observe states cooperating with their allies on the

battlefield more frequently when their partners increase defense spending in the years prior to the

onset of war. This suggests that when war is imminent, multilateralism and cooperative motives

dominate. War is indeed a costly and unpredictable affair. As the formal analysis in the previous

chapter establishes, states achieve better war outcomes when they cooperate. If winning the conflict

is the principal concern, then states should be expected to take actions that improve their probability

of victory, perhaps even if it means cutting into their relative gains. After all, a loss on the battlefield

could mean a total loss on the disputed issue.

Also interesting is the relationship between states’ threat environments and the reliability of

their alliance agreements. States facing greater threats, exhibited by a higher frequency of inter-

national disputes over a five-year period, are more likely to lose alliance partners when they alter

the balance of power through defense spending; however, allies who face more threats are more

likely to cooperate in war with partners who increase their defense spending. There appear to be

competing impulses for states to avoid risky partnerships with threatened states, but also to rein-

force partnerships when they themselves are at higher risk of conflict. Leaders may wish to present

themselves as loyal to motivate cooperation from partners in the event that they too are attacked.

This claim warrants further analysis.
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The effects of longer trends of increased spending are slightly more robust to alternative mea-

sures of defense spending growth than are acute increases. The opposite is true of wartime alliance

defections. This suggests that the imminent demands of war may motivate leaders to shorten their

relevant time horizons when making important national security decisions. Again, future research

should investigate this issue.

The reliability of these reported results suffers from the current state of defense spending data,

particularly with regard to its specificity. Also, spending data is missing in cases of wartime al-

liance defection in nearly half of all cases. This research uncovered no discernible reason for the

correlation between the missingness of defense spending data states’ decisions to abandon their

alliance commitments in wartime. The next chapter examines specific cases of alliance decision

making in context in an effort to better understand the results of the formal theoretic and empirical

models.
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2.5 Appendix 2

2.5.1 Diagnostic Plots & Robustness Check Results

Figure 2.5: Four Diagnostic Plots from Regression of Early Alliance Termination on Defense
Spending Growth - ACUTE

Figure 2.6: Four Diagnostic Plots from Regression of Early Alliance Termination on Defense
Spending Growth - TREND
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Figure 2.7: Four Diagnostic Plots from Regression of Wartime Alliance Defection on Defense
Spending Growth - ACUTE

Figure 2.8: Four Diagnostic Plots from Regression of Wartime Alliance Defection on Defense
Spending Growth - TREND
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Table 2.3: OLS regressions of defense spending on alliance defection (no data imputation)

Model 1 Base OLS Estimation OLS with Controls

Acute Increase
in Defense Spending

-0.0123
(0.0897)

-0.2054 .
(0.1158)

Ally Relative Power
CINC Ratio

0.3995
(0.3195)

Ally Threat Measure
(# MIDs in last 5 years)

-0.0459 .
(0.0265)

Distance between
Ally and Target

0.1063 .
(0.0552)

Political Difference
0.0259 *
(0.0098)

Model 2 Base OLS Estimation OLS with Controls

Trend of Increased
Defense Spending

-0.0219
(0.1885)

-0.3690
(0.2324)

Ally Relative Power
CINC Ratio

0.4518
(0.3140)

Ally Threat Measure
(# MIDs in last 5 years)

-0.0456 .
(0.0266)

Distance between
Ally and Target

0.1027 .
(0.0555)

Political Difference
0.0249 *
(0.0098)

Observations 72

Notes:
Standard errors in parentheses.
.p <0.1, *p <0.05, **p <0.01, ***p <0.001.
Acute increase calculated by comparing defense spending in year t-1 to 10-year average.
Increasing trend calculated by comparing 3-year average defense spending to 10-year average.
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Table 2.4: OLS regressions of defense spending on defection (missing data imputed with mean)

Model 1 Base OLS Estimation OLS with Controls

Acute Increase
in Defense Spending

-0.2463 *
(0.0997)

-0.5411 ***
(0.1266)

Ally Relative Power
CINC Ratio

-0.0765
(0.1700)

Ally Threat Measure
(# MIDs in last 5 years)

-0.0142
(0.0138)

Distance between
Ally and Target

0.1201 **
(0.0388)

Political Difference
0.0184*
(0.0075)

Model 2 Base OLS Estimation OLS with Controls

Trend of Increased
Defense Spending

-0.2340
(0.3241)

-0.9757 **
(0.3691)

Ally Relative Power
CINC Ratio

0.3703 *
(0.1612)

Ally Threat Measure
(# MIDs in last 5 years)

-0.0249.
(0.0145)

Distance between
Ally and Target

0.1226 **
(0.0431)

Political Difference
0.0143 .
(0.0077)

Observations 113

Notes:
Standard errors in parentheses.
.p <0.1, *p <0.05, **p <0.01, ***p <0.001.
Acute increase calculated by comparing defense spending in year t-1 to 5-year average.
Increasing trend calculated by comparing 3-year average defense spending to 5-year average.
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Table 2.5: OLS regressions of defense spending on defection (missing data imputed with mean)

Model 1 Base OLS Estimation OLS with Controls

Acute Increase
in Defense Spending

-0.1496 **
(0.0555)

-0.2949***
(0.0671)

Ally Relative Power
CINC Ratio

-0.0645
(0.1580)

Ally Threat Measure
(# MIDs in last 5 years)

-0.0203
(0.0193)

Distance between
Ally and Target

0.1192 **
(0.0402)

Political Difference
0.0186 *
(0.0077)

Model 2 Base OLS Estimation OLS with Controls

Trend of Increased
Defense Spending

-0.2164 .
(0.1123)

-0.4572 ***
(0.1229)

Ally Relative Power
CINC Ratio

0.3585 *
(0.1540)

Ally Threat Measure
(# MIDs in last 5 years)

-0.0234
(0.0197)

Distance between
Ally and Target

0.1240 **
(0.0419)

Political Difference
0.0159 *
(0.0077)

Observations 113

Notes:
Standard errors in parentheses.
.p <0.1, *p <0.05, **p <0.01, ***p <0.001.
Acute increase calculated by comparing defense spending in year t-1 to 10-year average.
Increasing trend calculated by comparing 3-year average defense spending to 10-year average.
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CHAPTER 3

Defense Spending and Alliance Reliability - Case Analysis

3.1 Introduction

The formal analysis in the first chapter describes how alliance members with perfect knowledge

of military capabilities and intentions will behave if acting rationally under threat of war. The

empirical results reported in the second chapter relate general trends of ally behavior to periods

of increased spending by one or more alliance partners in both peacetime and wartime conditions.

This third and final chapter investigates specific cases of defensive alliances in an effort to evaluate

how states’ spending actions contributed to ally decision making, extrapolating the results of the

formal model to consider both the context of peacetime alliance abrogation and wartime alliance

cooperation. Certainly, defense spending played a significant role in shaping ally behavior. This

chapter assesses whether states’ defense spending influenced their allies actions in accordance with

the previously described theory, in particular whether defense spending motivated allies to behave

contrary to expectations based on factors previously demonstrated to predict allied behavior. The

case analysis that follows adds nuanced understanding to the myriad factors that interacted with

defense spending to influence states decisions with regard to their alliance commitments.

Case analysis infuses necessary details into the study of a topic that can be lost with large

sample empirical analysis. Table 3.1 below lists all defensive alliances that were invoked since

1816 as well as the states who cooperated and those that defected from their alliance agreements.

Only 22 of the 95 wars that occurred over a 200 year period invoked defensive alliance agreements.

Four conflicts involved ten or more states making alliance decisions, and one, WWII, involved

dozens. Quick analysis reveals that many states who defected from their defensive obligations

to Britain in WWII were small Latin American states with limited ability to lend direct military

support to allies in Europe. Additionally, regional biases are evident. Middle Eastern and North

African states cooperated in only two instances among sixty opportunities. Case analysis prevents
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us from making sweeping generalizations about entire regions based on pooled data. Missing

from the analysis is whether states held competing alliance agreements with both warring parties,

having obligations to defend one while remaining neutral to against the other. Also, in many

instances, what is coded as cooperation actually represents a simultaneous declaration of war or

a large scale attack such as in the Seven Weeks War in 1866 and the War of the Pacific in 1879.

Domestic political factors intervene as well. For example, popular support for the decision to ally

with another state may vary widely from support for participation in war (Gartzke & Gleditsch

2004). Diplomacy also matters, as alliance agreements accompanied by signals of support tend

to be more durable. (LeVeck & Narang 2017). Also, the specific terms of an alliance agreement

are important. States may form alliances with others who have a history of defection, but they

may attempt to address abandonment risks through alliance provisions (Leeds and Anac 2005). A

simple coding of allied defection or cooperation based upon participating troop levels provides a

useful level of analysis, while investigating individual cases uncovers details that may be difficult

to incorporate into models.

3.2 Early Alliance Termination

The empirical analysis in the previous chapter confirms several prevailing theories regarding the

factors that influence the durability of defensive alliance obligations. As the conditions under

which alliances form undergo change, alliances may become less desirable. States undergoing

significant domestic political or ideological change, facing greater relative threat, or gaining addi-

tional allies in previous periods are all more likely to experience the early termination of an alliance

agreement by one or more partners. Democratic states appear better able to sustain their partner-

ships. This section considers these factors and examines alliance partnerships that diverge from

expectations. I evaluate the influence of alliance member state’s defense spending decisions on the

longevity of defensive alliance agreements, and present the results of two such cases below. When

alliances were expected to endure but they end in early abrogation, theory suggests that increases

in a state’s defense spending, particularly on unilateral or substitute capabilities, undermine the
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propensity of its partners to uphold their alliance agreements. Conversely, when evidence sug-

gests that alliance longevity is in question but the partnership endures, we should observe defense

spending that strengthens the alliance through complementary capability.

3.2.1 The Franco-Belgian Alliance: 1920-1936

After WWI, France and Belgium forged a secretive military pact that committed each state to co-

operate in defense against a repeat of westward German aggression in Europe. The alliance met

numerous criteria for a stable partnership; it was a limited agreement involving reliably democratic

neighboring states with a recent history of cooperative victory in major conflict. Yet, it was abro-

gated by the weaker side on the eve of the deadliest conflict in world history. Evidence suggests

that France’s defense spending growth in the early 1930’s and its insular military strategy con-

tributed to the expiration of the agreement.

Figure 3.1: French and Belgian Defense Spending, 1920-1936

Alliance agreements that contain specific provisions for cooperation are often more reliable

than general alliance agreements (Leeds et al 2000). The Franco-Belgian defense pact was cer-

tainly limited in scope. It specified a cooperative agreement for Rhineland defense, overall force

sizes to be maintained, and committed each state to go to war only in the event of an unprovoked
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attack against both states simultaneously. Furthermore, each party was free to judge events inde-

pendently and abrogate the agreement within 5 years of Rhineland cessation to Germany (Helm-

reich 1964, 372). Though the agreement did not specify it, military planners on both sides quickly

began preparing for a cooperative defense of each country’s frontier lands.

Defense planning proved to be a point of contention between the allies in the 1930s. The Bel-

gians confronted domestic political dissent. The Flemish advisers favored a strategy of layered

defense, gradually ceding territory if confronted by a superior invading force, while the Walloon’s

advocated a vigorous defense of the Belgian frontier. The French preferred the frontier defense

strategy, hoping to keep the fighting as far from French territory as possible. Meanwhile, French

military doctrine, drawn from experiences at the close of WWI, called for organized, detailed war

plans creating conditions for decisive battles on favorable terms. As such, the French sought to bol-

ster their own frontier defenses, creating the famed Maginot Line along the French eastern border.

Simultaneously, France endeavored to modernize its own armed forces, developing not only a land

Army to rival any in Europe, but also a leading Air Force and Navy. French defense spending grew

35% in 1934, 23% in 1935, and another 15% in 1936. See figure 3.1 for a comparison of French

and Belgian defense spending over the tenure of the Franco-Belgian alliance. The French did not

collaborate closely with the Belgians on the construction or maintenance of Belgian defenses nor

the interoperability of their armed forces. France’s defensive improvements and strategy left Bel-

gium isolated to the east, between France and Germany. France’s foreign policy focused more

on addressing the potential for German expansion eastward given Germany’s economic and po-

tential military advantages there (Helmreich 1964, Thomas 1998). As such, French investments in

military capability in the 1930s largely favored unilateral French interests over cooperative Franco-

Belgian interests.

Thus, France’s defense spending and military strategy in the 1930s altered the conditions un-

der which the Franco-Belgian alliance was formed. The growth in French military power and

its decidedly French military and foreign policy diminished Belgian confidence in the the French

commitment to the alliance. Confronted with the specter of recent European conflict and impend-
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ing German rearmament, Belgium opted to abandon its fifteen-year military alliance with France

in favor of a policy of neutrality in the hopes of avoiding any involvement in another European

conflict.

3.2.2 The Durability of American Support to NATO

One of the most interesting and oft studied alliance cases is the North Atlantic Treaty Organiza-

tion (NATO). The Alliance was formed with the signing of the Atlantic Charter in 1949 in the

wake of the Second World War with the goal of promoting peace and cooperation in Europe. It

is the largest alliance that the world has ever known, with its membership reaching thirty states

at the time of writing, and it has never dropped a member. NATO’s longevity is indeed remark-

able. Lord Hastings Ismay, NATO’s first Secretary General, famously quipped that the Alliance’s

purpose with regard to Europe was to ”keep the Russians out, the Americans in, and the Germans

down.” Less than a decade after the founding of the Alliance, the Federal Republic of Germany

was admitted as a member. Over 30 years ago, the Soviet Union disintegrated, leaving many to

wonder whether the Alliance continued to serve a purpose (Yost, 2014). Not only did NATO per-

severe, it nearly doubled in size with even more European states seeking admittance. Much has

been written about NATO’s continuing international political relevance and its bureaucratic inertia

to explain its surviving past 70 years. This paper offers a more practical explanation. Perhaps it is

the lack of spending by so many of NATO’s European members that enables the alliance to survive.

American President’s since Eisenhower have lamented what they have perceived as paltry de-

fense contributions by the majority of NATO’s European members. Upon assuming command of

NATO, then General Eisenhower speculated that American military forces would return from Eu-

rope within ten years. He later championed numerous failed initiatives, including an integrated

European Defense community and even a Multilateral Nuclear Force under NATO control. Pres-

ident Eisenhower ruminated that America’s European Allies were ”making a sucker out of Uncle

Sam” by refusing to provide for their own defense (Leffler 2010, 298). Currently, the United States
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Figure 3.2: NATO Defense Spending, 1949-2018

defense budget represents two-thirds of all NATO military spending while France, Germany, and

the United Kingdom together make up more than half of the remaining military capability. Over

fifteen years ago, all NATO members agreed to a policy of spending a minimum of 2% of their

respective GDPs on defense; less than ten states have hit that mark. Nightly news was made of

former President Donald Trump’s speculation about NATO’s importance and the Allies reluctance

to bolster their defenses. Even President Joseph Biden, speaking at a 2015 NATO summit then as

Vice President, referenced Americans’ discontent with the apparently unequal burden of European

defense. The evidence presented in the previous two chapters suggests that these leaders perhaps

failed to consider best strategies from the point of view of their European allies. The theory con-

tends that pleadings to increase allied defense contributions to meet blanket thresholds coupled

with simultaneous threats to withdraw from alliance commitments may work at cross-purposes.

When the conditions under which an alliance formed change significantly, then that Alliance

has a heightened probability of ending prematurely (Leeds & Savun 2007). The European security

environment in which NATO was formed has undergone numerous shifts since the inception of

the Alliance. Germany was admitted and later unified, removing a principle source of European

belligerency. The threat of both conventional and nuclear war against the Soviet Union in Europe
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waxed and waned over several decades while limited proxy wars were waged all over the globe.

Persistent unrest in the Balkans continued to threaten European security after the fall of the Soviet

Union. Transnational violent extremist organizations carried out and inspired attacks all over the

West in the years after the Al Qaeda’s 2001 terrorist attacks in the United States. An ever evolving

migration and refugee crisis saw the European Union reexamining its border policies. All the

while, the European Union and NATO’s membership grew, indicating a more politically unified

European continent.

Despite ever changing threats to European security and disparate conceptions of the principal

threat to the Alliance, NATO has perennially sought not only to increase its members’ individ-

ual contributions to defense but also to steer member states’ defense expenditures toward critical

Alliance capability shortfalls. The smaller, newer Allies favor shoring up their defenses against

neighboring adversaries while the largest, most established western members prefer building a

deployable, interoperable expeditionary force capable of responding to global contingencies. In-

deed, NATO’s Defense and Planning Process (NDPP) markets a ”shopping list” that prioritizes

filling Alliance capability gaps over bolstering the unilateral security of member states (Schroeder

2019, 10-11), This menu includes worldwide deployable networks, aerial electronic attack, anti-

submarine warfare, and joint intelligence capabilities at the top of the catalog of options. Two other

important things remained constant. American security remained inexorably tied to European se-

curity, and European states remained collectively unable or unwilling to address security threats in

a way that met the expectations of American leaders. As long as American interest in European

security remains high and European contributions to Allied defense address alliance needs while

remaining low, then American support to NATO should endure.

3.3 Wartime Defection

If allies have disparate political ideologies, are separated by great physical distance, or possess

military capabilities of markedly greater power, then they are more likely to defect in the event of

war. Conversely, allies that experience greater levels of relative threat are more likely to uphold

81



their alliance commitments. In the next section I examine the wartime defection dataset developed

in the previous chapter to identify cases where defection was either highly likely or highly unlikely

given the above criteria.1 I then search for instances of defection and cooperation that do not

conform with expectations, and I examine the defense spending decisions of states within these

alliances to determine the effect of spending on state behavior. In instances where cooperation

is deemed likely given the above factors but defection occurred, theory suggests that we should

observe the targeted state increasing spending on substitute military capability, augmenting their

unilateral defenses. In instances where defection is deemed likely, but cooperation occurred, we

should observe the targeted state increasing spending on complementary capability bolstering the

alliance.

3.3.1 Egypt and the Arab League in the 1956 Sinai War and 1967 Suez Crisis

The Arab League provides several wartime cases of alliance decision making for analysis. Here I

consider Egypt’s role in the early years of the Arab League and its performance in conflict against

Israel. In the early 1950s, Egypt sought to assert its leadership in the Arab world and began in-

vesting more heavily in its military defenses. Coupled with intra-alliance political dissension and

inter-alliance conflict, Egypt’s rise in power undermined the unity of the League and motivated its

members to defect from their defensive obligations. These allies were geographically proximate

and similar in power and authoritarian political ideology. Their shared history of European colo-

nization belied disparate enduring influences, however, and Egypt’s defense spending in support

of regional dominance outpaced that of its partners, leaving Egypt to fight alone.

The Arab League was formed in 1945, concordant with the United Nations, on the principles

of rebuilding and reintegrating the Arab community. At the end of the Second World War, Arab

leaders grew concerned about the fates of their territories and the threat of enduring European colo-

nial ambitions in the Middle East and Africa along the lines of the Sykes-Picot Agreement. The

1To determine likelihood, I filter the results by quartile as well as by variations greater than one standard deviation
from the mean.
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Figure 3.3: Egypt’s Defense Spending Before and After Suez Crisis, 1940-1967

League’s seven founding members, Egypt, Iraq, Lebanon, Saudi Arabia, Syria, and Transjordan,

agreed to collaborate on a wide range of issues, including military matters, and added a mutual de-

fense pact to the chartered agreement in 1950 after joining in combat to oppose the independence

of Israel in 1948, and its membership has since grown to include 22 member states. Though unsuc-

cessful in its initial opposition of Israeli independence, conflict between Israelis and Palestinians

would continue to be a principle issue for the Arab League in the decades to come.

The Arab League was headquartered in Cairo, Egypt, and the Egyptian President, Gamel Abdel

Nasser, became its defacto leader and champion of the pan-Arab movement in the 1950s. Still,

the league never achieved the level of cooperation and integration necessary to reap any military

efficiencies. Political strife and internal dissension among allies plagued the Arab League from

its outset. Ancient rivalries persisted and the “binds” of the alliance became mere “links” and

its intent became “stabilization” in lieu of “consolidation” of the Arab world (Little 1965, 140).

Furthermore, post-war European influences endured, with the United Kingdom, France, Italy, the

Soviet Union, and the United States all competing for influence among the League members.

Military cooperation and specialization requires faith that one’s ally will come to their aide if

called upon, and that faith was not present in the early Arab League.
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President Nasser announced the nationalization of the Suez Canal, a strategic waterway con-

necting the Mediterranean Sea to the Red Sea, dividing Africa and Asia, in July 1956. The water-

way was until then owned by the British and French Suez Canal Company, and the nationalization

of the canal marked a culmination of Egyptian efforts to expel colonial influence from its territory

and establish itself firmly as the leader of the Arab world. The British and French responded by

cooperating with Israel to invade Egypt and seize the canal zone. The fighting lasted only a week,

and ended in a multilateral negotiation and the withdrawal of British, French, and Israeli troops

after Soviet threats of nuclear attack and American threats of economic sanctions.

Of note, none of the Arab League member states mobilized their forces to contribute to Egypt’s

defense. For their part, Libya refused the United Kingdom use of bases on its territory for staging

military forces (Worrall 2007). Saudi Arabia participated in ”Five-Power” negotiations and lobbied

on Egypt’s behalf. Jordan had recently expelled British military leadership, but remained party to

a defense pact with the United Kingdom. Iraq remained Egypt’s chief rival for Arab hegemony

and offered no military support. They too were negotiating a separate alliance with Britain the year

prior, the Baghdad Pact. Iraq did, however, at the behest of Britain, begin the transfer of military

forces to Jordan in the event the conflict spread (Raad 2007). Lebanon, too, sided with the west,

even expelling government officials who advocated support for Nasser and Egypt, foreshadowing

internal strife which was to come (Little 1996, 34). In the lone example of Arab League coopera-

tion, Egypt and Syria formed a joint military command in 1955 and together acquired arms from

the Soviet Union, but Syrian military support for the conflict was not forthcoming amidst domestic

turmoil. Egypt and Syria did briefly merge, forming the United Arab Republic in 1958, but Syria

ended the collaboration in 1961 as Egypt continued its efforts to control Arab politics.

Egyptian defense spending increased each year from 1950 through 1956 and continued to rise

throughout the 1960s, outpacing those of the rest of the Arab League except for sporadic bursts in

spending by Saudi Arabia. See figure 3.3 for a comparison Egypt’s defense spending to its partner

states in the Arab League. In the years preceding the Suez Crisis, Egypt purchased large amounts

of arms from Czechoslovakia, then a client state of the Soviet Union, while also receiving aide from

84



the United States. Egypt’s growing military power and its political assertiveness wrought rivalry

within the Arab League rather than cooperation. Nasser’s perceived victory in the Suez Crisis

elevated his standing and perpetuated competition over Arab leadership within the League. Over a

decade later, the trend persisted and the Arab League again failed to organize a collective defense

against its longtime foe. Three Arab League members are listed as participants in this conflict

(Egypt, Syria, and Jordan); however, they were essentially simultaneously attacked by Israel and

can hardly be said to have coordinated their participation in support of one another, resulting in

the loss of Arab territory from the Dead Sea in the East to the Suez in the west. Egypt’s increased

defense spending coupled with its contentious motives of Arab leadership and regional dominance

contributed to the failure of the Arab League to coalesce and oppose Israel together.

3.3.2 Taiwan and the U.S. in the 1954 Offshore Islands and 1958 Taiwan Straits Crises

Theory suggests that the United States ought to have abandoned Taiwan when crisis in the straits

resumed in 1958. Taiwan’s defense spending tripled in the four years between the two crisis peaks.

The formal alliance was young and contentious, having been enacted in 1955 and exacerbating

hostility between the U.S. and China. The two capitals, Taipei and Washington D.C., were sepa-

rated by over 6,000 miles. The allies were led by disparate political regimes, with a difference of 17

points on the Polity2 scale in the 1950s. The U.S. had the preponderance of military power, with a

relative power CINC score more than three times larger than its adversary and 50 times larger than

its ally. The U.S. also had numerous global security responsibilities in carrying out its policy of

containing the spread of communism, experiencing dozens of militarized international disputes in

the 1950s. Indeed, the incident is coded as a defection by the criteria employed in most empirical

studies. After all, the United States did not commit its military forces to fighting. Closer exam-

ination of events reveals critical American involvement throughout the crisis, including military

intervention.

In 1949, Chinese Communist forces drove the Chinese Nationalist forces from the mainland.

The nationalists, calling themselves the Republic of China, took up residence on the islands off
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Figure 3.4: Taiwan’s Defense Spending During the Offshore Islands and Taiwan Straits Crises,
1950-60

China’s southeastern coast, principally on the island of Formosa, today called Taiwan. Tensions

between the Communists and Nationalists remained high and often manifested themselves over

control of these disputed offshore islands. Nationalist control of several small islands threatened

Chinese port facilities and shipping in the area, and the islands were integral to any communist

strategy to retake Taiwan. (Elleman 2021).

Upon reaching an armistice in the Korean conflict in 1953, the People’s Republic of China

(PRC) turned their attentions to these offshore islands, proclaiming the need to liberate Taiwan. In

September 1954, they launched an artillery strike against the islands, striking Quemoy and Matsu

and later invaded Yijiangshan in January 1955. Taiwan vacated the Dachen Island chain, ceding

control to the PRC and tensions quickly cooled by April. The Nationalists continued their blockade

of the PRC, who in turn augmented their coastal defense forces. The Communists grew tired of

interruptions to their growing trade relations, particularly with the British. Hostilities flared once

more in 1958, and the PRC again attacked the island of Quemoy with a reported 40,000 shells.

The Nationalists invoked their alliance and requested the full might of the U.S. military. The

United Stated declined to participate in the fighting, however, and restricted their forces from
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operating within three miles of PRC territory. The second phase of the conflict ended when the

Nationalists agreed to reduce their military footprint on the offshore islands. The Nationalists

suffered a reported 3,000 military casualties along with almost 150 civilians dead and thousands

of buildings destroyed.

Although the U.S. did not engage directly in the fighting, American and Taiwanese forces were

acting in concert, with the United States 7th Fleet projecting American naval power in the region

and the Kuomintang Army of Chiang Kai-shek providing the local ground forces. American naval

forces had taken up permanent presence in the region. Though American forces were not involved

in the shooting war, the matter in which they contributed to the conflict is ambiguous. One could

argue that the presence of the U.S. 7th fleet limited the scope of the conflict, deterring an all out

invasion of Taiwan. The Seventh Fleet positioned numerous ships in the vicinity of Taiwan, effec-

tively assuming its tactical defense while the Chinese Nationalists defended the offshore islands

(Elleman 2021, 94). Also, U.S. naval forces helped to evacuate tens of thousands of nationalist

military and civilians from the embattled islands. The United States was the principal arms sup-

plier to Taiwan and provided critical military equipment to support the Nationalists throughout

the conflict. Furthermore, the threat of nuclear war combined with the presence of the U.S. fleet

limited the scope of the PRCs aggression.

The crisis in the Taiwan Straits became a symbol of America’s steadfast opposition to the

spread of communism. The United States quickly turned to the United Nations to mediate a cease-

fire, which the PRC opposed. The U.S. Congress approved a resolution authorizing President

Eisenhower the use of force in defending Taiwan from PRC aggression. In an effort to de-escalate

the early conflict, the U.S. lobbied Chiang Kai-shek to evacuate and turn over the Dachen Islands.

The U.S. State Department continuously led diplomatic efforts to stave off further violence, ending

the second flare up by negotiating to reduce Nationalist military presence on the offshore islands,

reducing the threat to the mainland and effectively ending the decade-long blockade. Thus, U.S.

involvement, both military and political, was instrumental throughout the protracted crisis despite

prevailing circumstances suggesting that the U.S. would likely defect. The interoperability of U.S.
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and Chinese Nationalist military forces, the former providing the preponderance of naval power

and the latter providing the land forces, helped to keep the partnership intact.

3.4 Conclusion

The complete information bargaining game presented in the first chapter describes a set of alliance

members’ equilibrium behaviors when a targeted state is presented with an opportunity to make a

contribution to defense in anticipation of a challenge and her ally has an opportunity to cooperate

in conflict or defect from his defensive obligations. A wide range of behaviors are possible in

equilibrium. A target may invest in complementary capability and induce an ally to cooperate.

Conversely, a target may invest in substitute capability and motivate an ally to defect. Interestingly

a smaller defense expenditure may be preferable to a larger one for all allied parties, and the best

course for the target may be to spend nothing at all on defense.

The second chapter reported the effects of defense spending on alliance behavior using real

world data on states’ military spending, alliance membership, and the incidence of war over a 200-

year period, as well as several covariates. The results indicate that when members of defense pacts

increase their defense spending, they experience a higher incidence of their alliance agreements

ending early in violation of their specified terms. This supports the theory that defense spending

may alter the conditions under which an alliance was formed and motivate states to violate or

terminate their alliance agreements. In wartime, however, states are more likely to uphold their

defensive obligations after their partners increase their defense spending. Paired with the results of

the formal model, this suggests that parties to defense pacts more often invest in complementary

capabilities that reinforce alliance commitments rather than substitute capabilities that undermine

alliance reliability.

The case evidence presented in this final chapter lends descriptive analysis of individual events,

facilitating a deeper understanding of the relationship between defense spending and alliance de-

fection. Indeed, the theorized relationships are borne out by the historical record, and defense

spending has influenced the behavior of allies in accordance with the relationships theorized in
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the previous two chapters; however, the case analysis illustrates that a variety of additional factors

intervene to influence ally behavior. Regional disparities are evident and may warrant a closer

examination of the empirical record. Competing alliance agreements may keep an otherwise coop-

erative ally out of a fight. Competition within an alliance can inspire opportunism among members

and motivate defection from defensive obligations. Sometimes cooperation is a product of a chal-

lenger’s broadly applied aggression rather than a conscious effort among allies to work together

in defense. In other instances, any ally who did not participate with troops in accordance with its

obligations did cooperate in other ways to help bring about a satisfactory conclusion to hostilities.

Together these results suggest several important implications for alliance policy and behavior.

First, states that encourage their allies to increase their defense spending to meet an arbitrary

threshold may do so at their own peril. In NATO’s case, a 2% spending threshold is unlikely to

interrupt the intra-alliance power dynamics sufficiently to warrant a U.S. abrogation of its defensive

obligations to Europe. In a more symmetrical alliance, it may. If states anticipate conflict, then the

negative effects of increased in defense spending may be mitigated, particularly if states acquire

capabilities that fulfill alliance security needs. Therefore, states desiring to both increase spending

among allies and preserve the reliability of their alliance agreements do best to emphasize the

imminent threat of conflict with joint adversaries. Also, smaller defense contributions may indeed

be the best option for smaller alliance members, and states must consider the strategic calculus

of their partners when judging their defense budgets. Exacerbating tensions within alliances by

criticizing security decisions or competing for regional dominance undermines alliance reliability.

Reinforcing commitments to smaller states and allowing them to specialize their military forces

can create battlefield efficiencies that yield the best results for all allies fighting together.
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Plümper, T., Neumayer, E. (2015). Free-riding in alliances: Testing an old theory with a
new method. Conflict Management and Peace Science, 32(3), 247–268. https://doi.org/10.1177/
0738894214522916

Podeh, E. (1993). The Struggle over Arab Hegemony after the Suez Crisis. Middle Eastern
Studies, 29(1), 91–110.

Powell, R. (1991). Absolute and Relative Gains in International Relations Theory. American
Political Science Review, 85(4), 1303–1320. https://doi.org/10.2307/1963947

Powell, R. (2002). Bargaining Theory and International Conflict. Annual Review of Political
Science, 5, 1–30. https://doi.org/10.1146/annurev.polisci.5.092601.141138

Powell, R. (2007). Allocating Defensive Resources with Private Information about Vulnerabil-
ity. American Political Science Review, 101(4), 799–809. https://doi.org/10.1017/S0003055407070530

Powers, K. (2004). Regional Trade Agreements as Military Alliances. International Interac-
tions, 30(4), 373–395. https://doi.org/10.1080/03050620490884065

Raad, Z. (1994). A Nightmare Avoided: Jordan and Suez 1956. Israel Affairs, 1(2), 288–308.
https://doi.org/10.1080/13537129408719328

Reiter, D. (2003). Exploring the Bargaining Model of War. Perspectives on Politics, 1(1),
27–43.

Reiter, D., Stam, A. C., Horowitz, M. C. (2016a). A Revised Look at Interstate Wars,
1816–2007. Journal of Conflict Resolution, 60(5), 956–976. https://doi.org/10.1177/0022002714553107

Reiter, D., Stam, A. C., Horowitz, M. C. (2016b). A Deeper Look at Interstate War Data:
Interstate War Data Version 1.1. Research Politics, 3(4), 2053168016683840. https://doi.org/10.
1177/2053168016683840

Saperstein, A. M. (1992). Alliance Building versus Independent Action: A Nonlinear Mod-
eling Approach to Comparative International Stability. Journal of Conflict Resolution, 36(3),
518–545. https://doi.org/10.1177/0022002792036003005

Schelling, T. C. (1995). Arms and Influence. Yale University Press. http://ebookcentral.
proquest.com/lib/vand/detail.action?docID=3421294

Signorino, C. S., Ritter, J. M. (1999). Tau-b or Not Tau-b: Measuring the Similarity of Foreign

98

https://doi.org/10.1177/0738894214522916
https://doi.org/10.1177/0738894214522916
https://doi.org/10.1017/S0003055407070530
https://doi.org/10.1177/0022002714553107
https://doi.org/10.1177/2053168016683840
https://doi.org/10.1177/2053168016683840
https://doi.org/10.1177/0022002792036003005
http://ebookcentral.proquest.com/lib/vand/detail.action?docID=3421294
http://ebookcentral.proquest.com/lib/vand/detail.action?docID=3421294


Policy Positions. International Studies Quarterly, 43(1), 115–144.

Singer, J. D., Small, M. (1966). Formal Alliances, 1815—1939: A Quantitative Description.
Journal of Peace Research, 3(1), 1–31. https://doi.org/10.1177/002234336600300101

Slantchev, B. L. (2005). Military Coercion in Interstate Crises. American Political Science
Review, 99(4), 533–547. https://doi.org/10.1017/S0003055405051865

Small, M., Singer, J. D. (1969). Formal Alliances, 1816-1965: An Extension of the Basic
Data. Journal of Peace Research, 6(3), 257–282. https://doi.org/10.1177/002234336900600305

Smith, A. (1998). Extended Deterrence and Alliance Formation. International Interactions,
24(4), 315-343. https://doi-org.proxy.library.vanderbilt.edu/10.1080/03050629808434934

Smith, A. (1995). Alliance Formation and War. International Studies Quarterly, 39(4), 405–425.
https://doi.org/10.2307/2600800

Snyder, G. H. (1984). The Security Dilemma in Alliance Politics. World Politics, 36(4),
461–495. https://doi.org/10.2307/2010183

Snyder, G. H. (1990). Alliance Theory: A Neorealist First Cut. Journal of International Affairs,
44(1), 103–123.

Snyder, G. H. (1997). Alliance Politics. NY: Cornell University Press.

Sorokin, G. L. (1994). Arms, Alliances, and Security Tradeoffs in Enduring Rivalries. Interna-
tional Studies Quarterly, 38(3), 421–446. https://doi.org/10.2307/2600740

Sprecher, C. (2004). Alliance Formation and the Timing of War Involvement. International
Interactions, 30(4), 331–347. https://doi.org/10.1080/03050620490884010

Sprecher, C., Krause, V. (2006). Alliances, Armed Conflict, and Cooperation: Theoret-
ical Approaches and Empirical Evidence. Journal of Peace Research, 43(4), 363–369. https:
//doi.org/10.1177/0022343306065881

Thies, W. J. (2015). Friendly Rivals: Bargaining and Burden-Shifting in NATO. Routledge.
https://doi.org/10.4324/9781315704197

Thomas, M. (1998). At the Heart of Things? French Imperial Defense Planning in the Late
1930s. French Historical Studies, 21(2), 325–361. https://doi.org/10.2307/286632

Toffolo, C. E. (2008). The Arab League. Infobase Publishing.

Wagner, R. H. (2004). Bargaining, War, and Alliances. Conflict Management and Peace Sci-
ence, 21(3), 215–231.

99

https://doi.org/10.1177/0022343306065881
https://doi.org/10.1177/0022343306065881


Wallace, G. P. R. (2008). Alliances, Institutional Design, and the Determinants of Military
Strategy. Conflict Management and Peace Science, 25(3), 224–243. https://doi.org/10.1080/
07388940802218978

Walt, S. M. (1987). The Origins of Alliance. Cornell University Press. http://www.jstor.org/
stable/10.7591/j.ctt32b5fc

Weede, E. (1983). Extended Deterrence by Superpower Alliance. Journal of Conflict Resolu-
tion, 27(2), 231–253. https://doi.org/10.1177/0022002783027002002

Weisiger, A. (2016). Exiting the Coalition: When Do States Abandon Coalition Partners dur-
ing War? International Studies Quarterly, 60(4), 753–765. https://doi.org/10.1093/isq/sqw029

Weitsman, P. A. (1997). Intimate Enemies: The Politics of Peacetime Alliances. Security Stud-
ies, 7(1), 156–193. https://doi.org/10.1080/09636419708429337

Wolford, S. (2020). War and Diplomacy on the World Stage: Crisis Bargaining Before Third
Parties. Journal of Theoretical Politics, 32(2), 235–261. https://doi.org/10.1177/0951629819893025

Wolford, S., Kim, M. (2017). Alliances and the High Politics of International Trade. Political
Science Research and Methods, 5(4), 587–611. https://doi.org/10.1017/psrm.2015.19

Yarhi-Milo, K., Lanoszka, A., Cooper, Z. (2016). To Arm or to Ally? The Patron’s Dilemma
and the Strategic Logic of Arms Transfers and Alliances. International Security, 41(2), 90–139.
https://doi.org/10.1162/ISECa00250

Zagare, F. C., Marc Kilgour, D. (2003). Alignment Patterns, Crisis Bargaining, and Ex-
tended Deterrence: A Game-Theoretic Analysis. International Studies Quarterly, 47(4), 587–615.
https://doi.org/10.1046/j.0020-8833.2003.00280.x

Zeigler, S. M. (2016). Competitive Alliances and Civil War Recurrence. International Studies
Quarterly, 60(1), 24–37. https://doi.org/10.1093/isq/sqv002

100

https://doi.org/10.1080/07388940802218978
https://doi.org/10.1080/07388940802218978
http://www.jstor.org/stable/10.7591/j.ctt32b5fc
http://www.jstor.org/stable/10.7591/j.ctt32b5fc

	LIST OF TABLES
	LIST OF FIGURES
	1 Formal Analysis of Defense Spending and Alliance Reliability
	1.1 Introduction
	1.1.1 Bargaining, Alliances, and Arming

	1.2 Model Setup
	1.3 Solving the Model
	1.3.1 Key Model Features

	1.4 Results
	1.4.1 Comparative Statics

	1.5 Discussion
	1.6 Appendix 1
	1.6.1 Model Parameters
	1.6.2 Formal Theory Proofs


	2 Defense Spending and Alliance Reliability in Times of War and Peace
	2.1 Introduction
	2.1.1 Arms versus Allies
	2.1.2 Defense Spending in Military Alliances
	2.1.3 Alliance Reliability in War and Peace

	2.2 Theory and Design
	2.2.1 Alliance Membership
	2.2.2 War Participation and Roles
	2.2.3 Dependent Variables - Early Alliance Termination and Wartime Alliance Defection
	2.2.4 Independent Variable - Defense Spending
	2.2.5 Control Variables
	2.2.6 Model Estimation

	2.3 Results
	2.3.1 Robustness Checks

	2.4 Discussion
	2.5 Appendix 2
	2.5.1 Diagnostic Plots & Robustness Check Results


	3 Defense Spending and Alliance Reliability - Case Analysis
	3.1 Introduction
	3.2 Early Alliance Termination
	3.2.1 The Franco-Belgian Alliance: 1920-1936
	3.2.2 The Durability of American Support to NATO

	3.3 Wartime Defection
	3.3.1 Egypt and the Arab League in the 1956 Sinai War and 1967 Suez Crisis
	3.3.2 Taiwan and the U.S. in the 1954 Offshore Islands and 1958 Taiwan Straits Crises

	3.4 Conclusion

	 References 

