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Abstract: Ouragent-basedmodel examines the ramificationsof formaldefenseagreementsbetweencountries.
Ourmodel builds on previous work and creates an empirically based version of a tributemodel in which actors
within existing real-world networks demand tribute from one another. If the threatened actor does not pay the
tribute, the aggressing actor will engage in a decision to start a war. Tribute and war payments are based on a
measureof the country’swealth. Weutilize theCorrelates ofWardataset toprovideuswithworldwidehistorical
defense alliance information. Using these networks as our initial conditions, we run the model forward from
four prominent historical years and simulate the interactions that take place as well as the changes in overall
wealth. Agents in themodel employ a cost benefit analysis in their decision of whether or not to go to war. This
model provides results that are in qualitative agreement with historical emergent macro outcomes seen over
time.
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Introduction

1.1 Powerful nations rise and fall, many nations today did not exist 75 years ago. What allows a nation or empire
to rise to power? We build upon Kennedy’s (1989) analysis of this question by empirically modeling the link be-
tween political agreements, wealth, and war. A nation, through networks of political a�iliation or lack thereof,
can secure its position in the world as a superpower or fall into chaos and collapse. Most and Star (1984) argue
that countries can select and utilize various policy options to their advantage, depending on the problems they
face. In this paper, we examine outcomes that arise from the networks of formal defense agreements. These
agreements are one type of foreign policy option that countries o�en use to gain prominence and protection
on the global scene.

1.2 In thispaper,we focus specifically onhowdefenseagreements serveasa foreignpolicy tool togarnerprotection
and tribute. We employ the Correlates of War (CoW) dataset to provide historical data of formal defense agree-
ments since 1945 (Gibler 2009). In the tradition of Cusack & Stoll (1990), we use computer simulation to investi-
gate outcomes of international systems, specifically agreements and conflict. By constructing an agent-based
model that builds upon Axelrod’s Tributemodel (Gilbert & Conte 1995), we examine how formal defense agree-
ments and alliances shape the success and failure of various countries. This analysis is based on Schelling’s
(1960) foundational work that finds that the threat of retaliation can be more e�ective than a single country’s
defense capabilities. We investigate howmuch defense alliances play into this retaliation threat dynamic.

1.3 Axelrod’s original model began with ten actors arranged on a line whose ends meet to form a circle so each
actor would only have one neighbor on each side. Political power would grow and diminish as the neighbors
next to each actor interacted. Our network model moves beyond simply trying to understand the emergence
of higher-level coordination from the elementary interactions of the lower level agents. We take the existing
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networks and wealth of countries and treat them as having already emerged. In the framework of our tribute
model, we use this information to simulate interactions between countries.

1.4 Agent-based modeling has previously been used for this type of alliance examination (Cederman 2003; Ceder-
man & Girardin 2007; Bennett & Stam 2000). We build upon this literature, and Kennedy’s (1989) work on the
capacity of countries to sustain war, by taking the empirical Correlates of War data as the initial conditions of
defense agreements, running our model forward, and examining which countries become dominant through
their ability to produce and extract wealth. We set four years as initial conditions, 1945, 1960, 1980, and 2007.
Ourmodel employs historical data to simulate similar decision-making conditions. Cederman&Girardin (2007)
employ empirical data to simulate local conflicts. They integrate GIS data with computational models to ana-
lyze civil wars. Our model makes a similar contribution on an international level. We identify the emergence
of patterns of international conflicts and distributions of power. Our papermakes a contribution to the conflict
dynamics and resolution literature using a methodology that is informed by agent-based modeling1 and the
economic analysis of conflict2.

1.5 Section 2 provides the theoretical basis onwhich ourmodel stands. Ourmodel, methods, and data are laid out
in Section 3. The results and conclusions from our agent-basedmodel are shown and discussed in Section 4.

Theory

2.1 DeJouvenel (1963), inPureTheory of Politics, introduces theproblemof political exchangeand reciprocation. At
its root, politics is the art ofmoving “othermen in pursuit of somedesign cherished by themover” (De Jouvenel
1963, p. 38). Agent A suggests some action H by agent B. Agent A may promise agent B gain for cooperation,
penalty for defiance, or both. The principle extends to foreign policy where state power is exercised against
other states through various channels. Morgan & Palmer (2003) show that foreign policy is goal directed, either
toaccomplisha certain taskordestroyaparticular state. Alliances involve “bothcosts andbenefits, and theonly
alliances we observe are those in which the benefits outweigh the costs” (Morgan & Palmer 2003, p. 200). Costs
and benefits that govern diplomatic outcomes are those born and received by political decision-makers: those
who have influence over the evolution of society’s power structure (Wagner 2016; Salter & Wagner 2018). De-
pending on a nation’s institutional arrangement, political decisionsmay ormay not lead to desirable outcomes
for the public. We integrate this understanding at a high level, considering states to make decisions in light of
costs and benefits of war. While tension of internal social and institutional dynamicsmay not always lead to the
welfaremaximizing outcome (Arrow 1950; Buchanan 1954; Boettke & Leeson 2002; Caplan 2011; DeCanio 2014),
deal-making within democracy can move society closer to this outcome (Buchanan & Tullock 1962; Wittman
1989, 1995). To account for generally imperfect rationality among actors, we include a random parameter that
influences the e�iciency of democratic decision-making in its decision to war.

2.2 In economic interactions two agents engage in exchange because both parties expect to realize a state superior
to the one that would arise absent exchange (Menger 1883). This requires that agents, as legal persons, are not
so inequitable that one can, owing to a privileged position, use force or the institutions of force to manipulate
the terms of exchange to benefit himself at the cost of another agent. This is not the historical norm. For most
of human history, the Hobbesian “natural state” embodied the dominant form of political relationships3. Even
when the “natural state” is superseded by robust institutions of governance, relationships between agents of
di�erent states areprima facie exposed to the risk of poorly constrained violence. In the “natural state”, whether
domestic or international, asymmetries in power allow a stronger agent to employ force or the threat of force
as a tool to transform his relationships with other agents. The weaker agent, sensing a threat, may choose to
cooperate under such circumstances (Buchanan 1985, pp. 68-69). Alliances that embody substantial political
inequity, are the fruit of this type of power relationship. They can breed the discontent that gives rise to future
conflicts (Benson 2011). In this anarchic world, peace and security are especially rare.

2.3 We generalize this sort of behavior with a derivation of a game of war. Table 1 demonstrates the payo�s for this
scenario. Given thepayouts inTable 1, bothagentswill typicallybe incentivized toavoidconflict. Therearecases
where either agent might not avoid conflict; these include games where payouts for engaging in conflict di�er
between agents. Imagine that agent A is substantially stronger than agent B and that the rule of law is not firmly
established. Agent Amight destroy agent B. More likely agent Awill promise not to harmagent B. Instead, agent
A proposes to agent B “something similar to the slave contract, in which the ‘weak’ agree to produce goods for
the ‘strong’ in exchange forbeingallowed to retain somethingover andabovebare subsistence (Buchanan 1975,
p. 78).” Agent A may o�er to agent B the opportunity to keep a portion of his income by a formal agreement.
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B

Altruism Fight

A Altruism a, a -b, b
Fight b, -b -c, -c

Table 1: Game Theoretic Payo�s

2.4 In their analysis of the development and constraint of state power, North et al. (2009) describe the emergence
of early forms of political organization. Development begins from “the natural state.”

“The natural state reduces the problem of endemic violence through the formation of a dominant
coalitionwhosememberspossess special privileges. The logic of thenatural state follows fromhow
it solves the problem of violence. Elites – members of the dominant coalition – agree to respect
each other’s privileges, including property rights and access to resources and activities. By limiting
access to these privileges tomembers of the dominant coalition, elites create credible incentives to
cooperate rather than fight among themselves. Because elites know that violence will reduce their
own rents, they have incentives not to fight. Furthermore, each elite understands that other elites
face similar incentives. In thisway, the political systemof a natural statemanipulates the economic
system to produce rents that then secure political order.” (North et al. 2009, p. 18)

2.5 From this process arises a system of government that maintains a monopoly on the use of force. This logic can
be extended to the formation of international order. Agents on both sides who influence government recognize
that they will be better o� if both governments reach an agreement with one another, which will constrain the
use of force in their interactions (Olson 1965).

2.6 Thescenariowehavedescribed is thestartingpoint fromwhichagreementsbetweengovernmentsmustemerge.
Interaction between agents from di�erent nations includes a peculiar problem that is not present among inter-
actions within a nation. Besley & Persson (2008) find that external war typically leads to much larger invest-
ments in fiscal capacity than do civil wars. In nations where the rule of law has reached an appreciable level of
maturity, the position of any two agents in the legal system is much closer to equality than in a system where
the rule of law is absent, thus reducing costs that arise due to legal uncertainty (Hayek 2010). The formation
of legal equality promotes predictability within the system as agents can not only form expectations about the
governing system’s response to their own actions, but also its response to the actions of other agents (Koppl
2002). Under the rule of law, an agent can expect that the legal system will respond symmetrically and, by im-
plication, predictably to his own action as it would to the same action taken by any other agent (Hayek 1982,
pp. 112-13).

2.7 In order for the rule of law to extend beyond a single nation, whether in piecemeal or in whole, di�erent na-
tionsmust form enforceable agreements with one another. These agreements can alsomanifest themselves in
common institutions as the “institutional arrangements of political systems influence the incentives of leaders
to provide di�erent kinds of policies” (Bueno de Mesquita et al. 1999, p. 41). Countries with similar institutions,
democracies for example, interact di�erently and o�en timesmore cordially with each other than they dowith
autocracies. Discrepancies in the power of nationswill play a significant role in determining the extent towhich
the rule of lawplays a role in international relations. Alliancesmay also beused as a tool of increased control for
the stronger party. Given power asymmetries between nations, Benson’s (2011) findings that alliance formation
can even create incentives for alliancemembers to initiate and perpetuate conflict are unsurprising. Ourmodel
integrates these attribute of alliances in their willingness to respond to conflict.

Model

3.1 This section provides a description of our Network Tribute model as well as a background on the data and
methods used to conduct our analysis.

3.2 We identify our agent as the nation-state. In doing this, we assume an equilibrium condition within political
markets in each state. Each agent involved in enacting state policy knows the expected costs and benefits of
the potential action and chooses their most preferred option. We allow for ine�iciencies in collective decision-
making to arise and test the e�ects of such a systematic deficiency (Arrow 1950).
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3.3 The process of becoming an active agentwhohas the potential to go towar is random. At the core of themodel,
the decision of whether to attack or not and the decision to attack certain countries or not, however, is strate-
gically calculated. Activated agents make their decisions whether or not to threaten another country by the
potential amount of tribute they can garner from their threat. Countries do not threaten their allies. They en-
gage in a cost benefit analysis for each decision. These decisions aremuch like the decisionsmodeled in Ceder-
man’smodel (2003). He poses that due to increased globalization and technological advancements, stochastic
decisions to wage war are based on the specific contexts, costs, and benefits. Agent utility is based on accumu-
lated wealth, and their foreign policy decisions are based upon future expected utility (Bennett & Stam 2000).
Deviations from this norm are dependent upon the e�iciency of collective decision-making.

3.4 As the model runs, agreements between countries are created and are strengthened or weakened based upon
the interactions of the actors. In our model, agents are nodes that comprise an existing network of countries.
These actors may or may not have connections to other countries. Although this model can be run on any
variety of simulated networks, the analysis of this paper is concerned with the dynamics of specific real-world
networks drawn from certain points in time.

3.5 Thedataused forourglobalnetworkmodel experiments come fromtheCorrelatesofWarProject. Thenetworks
for the countries are created using data on formal defense alliances, where one state has signed a defense pact
to protect another (Gibler 2009). These defense networks convey information about the structure of global
relationships as they represent a high level of commitment to another country. They are directed connections
that represent an explicit public promise that one countrywill commit some level of resources to another coun-
try should they come under attack. The Network Tribute model takes the formal defense alliance networks of
years 1945, 1960, 1980 and 2007 and treats them as having already emerged from the previous interactions of
the individual countries. These years were chosen because they allow us to compare model results from time
periods before during and a�er the cold war, a time of international tumult. In the model, alliances are preex-
isting conditions that are taken as given and are fixed as the simulation is run forward each time.

3.6 New linksbetweenpreviouslyunlinkedcountriesarisewhenonecountrypays tribute toanother country. These
new linksdonot represent formal defenseagreements. They represent a “non-aggression” agreementbetween
the two countries. They signify that neither country, should they become active again, will target the other in
the future. They do not represent a promise to commit any resources to another county in the future.

3.7 The CoW project has detailed data on the national material capabilities of countries throughout much of the
20th century. In the globalizedmodel, each country is instantiated with a proxy for wealth that is based on data
for that country in that year. We use CoW data on yearly steel production are used as a proxy for wealth. One
might argue that certain countries, Japan in particular, did not have adequate steel production of their own to
sustain their growing army in the 1920s-1940s. Although this is true, Japan did have three principalmines in the
early 1900s that provided an ample amount of iron and steel to the country (Journal of the Royal Society of Arts
1908). As Berglund (1922) states, “the iron and steel industry of Japan is closely bound up with that country’s
continental policies. Military power is dependent upon this industry, the political situation in the Orient will be
better appreciated as the conditions governing Japan’s iron and steel industry are understood (Berglund 1922,
p. 623).” Iron and steel production is closely linked with levels of industrial activity. This measure provides
a valuable proxy for military potential (Rogers 1948, p. 41, Inwood & Keay 2013, p. 1265; Shone & Fisher 1958;
Wayman et al. 1983) 4. Production of steel is required to fight wars and sustain infrastructure for a modern
society. Trade during, before, and a�er war is crucial to military success, however a country’s own iron and
steel production indicates its ability to acquire this significant input independently during a time ofwar (Birkett
1920, p. 353, Zimmern 1918, pp. 7-10).

3.8 Previousmodelshaveusedarbitrary thresholds forwhenactorsare tobecomeactiveduringasimulation. Some
literature suggests that the frequency of warsworldwide has been increasing since 1870, due to economic glob-
alization and democratization (Harrison & Wolf 2012, p. 1055). In order to define a year in our model we look
to the CoW Militarized Interstate Dispute data (Palmer et al. 2015). The average number of disputes in the four
years considered in this model was calculated at 23.25 disputes, Table 2 shows the number of disputes each
year. Therefore, in our globalizedmodel, 23 countries are asked tobecomeactive eachyear. Theseactive agents
could potentially enter into a conflict. The selection of the countries to become active is random.

JASSS, 21(3) 4, 2018 http://jasss.soc.surrey.ac.uk/21/3/4.html Doi: 10.18564/jasss.3717



Year Number of Disputes

1945 14
1960 30
1980 30
2007 19

Average 23.25

Table 2: Number of Global Disputes Each Selected Year

3.9 In our model, there are two parameters that may be chosen by the modeler. The experiments for our model
include a parameter sweep of the tribute rate as well as the cost e�iciency of democratic decision-making. The
tribute payment is a parameter that can be modified to see the e�ect that various levels of tribute have on the
outcome of the model. The democratic e�iciency parameter adds the notion of irrationality to the model.

Agent decision-making and interaction

3.10 An active countrymust decidewhom to target and it does this by assessing a possible target’s vulnerability and
multiplying it by their possible tribute payment. The greater the costs of tribute, the more likely a threatened
country will choose to fight. Vulnerability is defined by Axelrod according to the following formula:

Vulnerability of a Possible Target (with no allies) =
WA −WT

WA
(1)

3.11 WhereWA andWT are the wealth of the active actor and the target, respectively. In order to take into account
the networks of targeted countries we need to add a term to this formula that will allow the Active Country to
incorporate this information. This term is called ACT and it represents the weighted wealth contribution of all
countries that havea link to the targeted country. Only countries that haveanetworkwill calculate themodified
vulnerability calculation:

Vulnerability of a Possible Target (with allies) =
WA − (WT +ACT )

WA
(2)

3.12 The ACT term is calculated by each actor in the defense network of a targeted country. Each country in the
defense network multiplies the alliance strength it has with the targeted country by its own wealth. This is the
amount that each country is willing to contribute to the defense of the targeted country.

3.13 When an agent becomes activated, it will look at all the countries that it doesn’t have a link to and from those
countries it will find the county thatmaximizes the product of vulnerability and payment. The country with the
maximum attack score becomes the targeted country. At this point the active actor will havemade its decision
based on the information available to them. Not all decisions to go to war are rational and it is not guaranteed
that the active country will carry out its threat to fight. Previous models made unrealistic assumptions about
a countries decision to go to war but the democratic e�iciency parameter adds this element of irrationality to
our model.

3.14 The targetedcountry is facedwith twooptions: they caneither choose topay the tribute to theactive country (in
which case they transfer a certain percent of their total wealth to the demander) or they can refuse the demand
and war will occur. The targeted county will decide to pay tribute if the amount demanded in tribute is less
than the cost of going to war. The threatened country engages in a cost minimization calculation in which they
calculate whether losing wealth equal to 25 percent of the attacking countries wealth or losing the amount
demanded in tribute is less costly.

3.15 Our model uses a proxy for alliance strength that is calculated using data from the CoW dataset. This measure
exists for each defense agreement in each year considered. It contains information on the length of time the
two countries have had a formal defense agreement with each other as a proxy for the strength of the relation-
ship between the two countries. Alliances can, however, create some unintended consequences themselves.
Historically, various alliance groups actually increased the probability of a conflict within the alliance. Because
of this fact, many alliance groups started to add caveats to their alliance agreements that countries would only
be obliged to come to the aid of another country if theywere attacked by a country outside the alliance (Benson
et al. 2013, p. 47).
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3.16 Alliance strength in our model is bounded between 0 and 1 and is used in the calculation of how much assis-
tance a targeted country would receive from each country that has agreed to protect it if attacked. In the glob-
alizedmodel the strength of alliances is thought to have already emerged from real world processes. These link
weights are treated as given and are fixed for the duration of all simulations, therefore, theweights andnetwork
connections do not update as the model runs.

3.17 The new links created in the model are not to be confused with defense agreements. They are created when
one county decides to pay tribute to another country. A�er the tribute is paid and the link is created, those
two countries will not target each other (in either direction) again. They do not commit any resources from one
country to another.

3.18 If war occurs and the targeted country has no network, the attacking country has its wealth reduced by 25
percent of the targeted countries wealth and the targeted country has its wealth reduced by 25 percent of the
attacking countries wealth.

3.19 If war occurs and the targeted country has a network, each country in the defense network multiplies the al-
liance strength it has with the targeted country by its ownwealth. The sumof the amount that all countries will
contribute is added to thewealth of the targeted country and this sum represents the total alliance contribution
tobeput toward thedefenseof the targeted country. Damage is done to theattacking country that is equal to 25
percent of the sumof the contributedwealth of all countries in the defense network plus the targeted countries
ownwealth. Damage is done to the targeted country equal to 25 percent of thewealth of the attacking country.
Each country in the defense network of the targeted country has its wealth reduced by the total amount they
contributed to the defense of the targeted country.

Technical background

3.20 The code for preparing the data, running the simulation and experiments, and visualizing outcomes is available
inaGitHubrepositoryat the following link: https://github.com/hwalbert/Countries-as-Agents-in-a-Global-Scale-
Computational-Model. This repository contains a static version of an R package that contains the raw data use
for instantiating the model as well as the functions that allow creation of the di�erent empirical instantiations
of countries, networks, and attributes. The standard R documentation for this package is also included as a pdf
file. The simulation model was created in NetLogo and is also available in the repository. The experiments for
themodel are included in the behavior space tool within NetLogo. Python scripts for analysis and visualization
of results are also included.

Results

4.1 We run experiments for the years 1940, 1960, 1980, and 2007. We sweep values from .1 to 1 in increments of .1
for the rate of tribute and democratic e�iciency. For all parameter combinations, we run 100 trials. We also
sweep values between .01 and 1 in increments of .01 to observe the results with finer texture. For each pair of
exogenously determined parameter values we run 20 experiments. We use this set of experiments to generate
heatmaps that include the mean values generated for variables for each pair of exogenously determined pa-
rameters. In the results we consider the average values generated in each set of runs. We discuss results that
are representative of experiments across years.

4.2 Results of the experiments share many of the same characteristics of the original model. Axelrod notes that
model runs show significant variation. Model runs show significant variation. Each set of parameters is usefully
described by the mean values they generate. When agents do not perfectly maximize their expected wealth
holdings, conflict can arise late in themodel. Across runs, there tends to emerge a dominant player. There also
can emerge two powerful, yet opposing players, as is the case between Russia and the United States in many
runs. Nations with relatively greater levels of wealth tend to accumulate the greatest levels of wealth, but a
nation’s initial endowment does not guarantee it success in any given run (Gilbert & Conte 1995, p. 28).

4.3 Axelrod found that hismodel could see devastatingwars and other large events long into amodel run. A typical
run of the network tribute model will see an initial period of turbulence in which many wars of varying size are
fought. This behavior can continue many years into the run of the model but a�er a time a sort of equilibrium
will emerge and wealth will only grow at the rate of wealth increase in the model. This result is unique and
di�erent from one of the characteristics of the original Axelrod model where the model never settled down.
This di�erence is probably due to the fact that this model takes the existing network as given, alliance strength
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is not dynamic in this model, and ties are not broken. Thus, a rigid hierarchy of tribute payments is inevitably
formed, and with especial swi�ness when tribute rates are relatively high.

4.4 We test varying combinations of values for democratic e�iciency and tribute rates in the model. We expect to
see that higher rates of tribute lead to relative impoverishment of society, including those who are collecting
tribute, as defending nations have a significant incentive to go towar to prevent themselves frombeing subject
to high rates of extraction.

4.5 The democratic e�iciency parameter influences the likelihood that an aggressor who would profit from going
to war actually follows through. The defending country decides whether to pay tribute or fight. In this case,
the democratic e�iciency parameter influences whether the defending nation will fight even when it expects
that paying tribute would be cheaper. Since the aggressor is the first to act, we expect the e�ect of democratic
e�iciency on the frequency of war to be generally positive. We expect that increased democratic e�iciency –
i.e., only going to war when it is profitable – will tend to have welfare enhancing e�ects when tribute rates –
that is the incentive to go to war – is relatively low.

High tribute rates lead to lower levels of welfare across the system

4.6 The results show a generally negative correlation between tribute rates and the level of global wealth. The
highest levels of wealth, for both the system and for individual states, occurs with the lowest rates of tribute
(Figure 1). In cases where there is one agent whose holdings of iron and steel are multiples larger than the
next most powerful country, this negative correlation reverses as the rate of tribute approaches 100%. Wars
under this scenario are fought early on and lead to complete or nearly complete extraction of a losing nation’s
resources. Having lost most or all of their resources, these nations are unable to engage in war later in the ex-
periment. This finding is consistent with Kennedy’s (1989) work which concludes that a country’s economic
resources are a prerequisite for sustained conflict. Although the level of wealth that develops at a tribute rate of
100% is relatively high for experiments in 1945 and 2007, this is an artifact of initial conditionswhere one nation
âĂŞ the United States in 1945 and China in 2007 – is much wealthier than all others. In 1945, for example, not
much wealth is lost from war since no nation is able to e�ectively oppose rule of the United States. This set
of experiments exhibit an implicit hierarchy due to these discrepancies. Further, the model’s assumption that
wealth extracted as tribute is e�iciently invested within the recipient nation is independent from the produc-
tivity and welfare of other nations. In data from other years, such a discrepancy in power does not exist. High
levels of tribute tend to lead to impoverishment across the system.

4.7 It is tempting to think of this result as reflecting an upward-sloping supply curve for war. As the expected return
to war increases, more wars are fought (Figures 2 and 4). This is true for individual countries in the short-run,
but the e�ect is complex. We must also consider that willingness for a nation to defend itself increases as the
rate of extraction increases. Thus the cost of war increases significantly and wealth plummets at the beginning
of runs where the tribute rate is relatively high (Figures 1, 3). It takes a significant period of time for wealth to
recover in these cases. This suggests a corollary to the La�er curve, as tribute is essentially tax. Rather than
substitute leisure for labor, nations attempt to avoid tribute payment in the model by engaging in war (La�er
1981). Nations are more willing to submit to low rates of tribute than high rates. If aggressing nations agree to
limit their rates of extraction, the growth rate of the system is improved. This tends to improve the growth of
nations across the system, includingmore powerful nations. Likewise, acts of aggression thatmight lead towar
are limited when the return to war is relatively small.
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Figure 1: Global Wealth.

Figure 2: Number of Wars.
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Figure 3: Total Wealth of All Nations (1960).

Figure 4: Number of Wars Fought (1960).

4.8 In terms of war, the e�ects of democratic e�iciency may be ambiguous. We expect that less e�iciency will lead
to lower levels of wealth extraction bymore powerful countries. Thismeans that poorer countriesmay perform
relativelywell in casesof lower levelsofdemocratic e�iciency. Sinceourmodel shareswithAxelrod’smodel that
the country that initiates war is only concerned with its financial ability to wage war, more wars are initiated
under the original decision criteria compared to less e�icient democratic decision-making where aggressive
nations avoid war.

4.9 The expectation of less war occurring at low rates of democratic e�iciency is observed as the rate of democratic
e�iciency approaches 0. As democratic e�iciency falls below a level of .1, the number of wars experienced in
the system collapses and the level of wealth in the system quickly rises. This is true even at the highest rates of
tribute. At a rate of democratic e�iciency of 0, we expect that, according to themodel, there would be no wars.
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Alliance structurematters

4.10 In concordance with Schelling’s (1960) work, outcomes in each experiment depend largely upon alliance struc-
ture. This alliance structure has direct consequences for a country’s retaliatory capacity. A powerful country
that attempts to attack aweaker country that whose alliance is able to repel the stronger country finds imperial
expansion an unviable option. Figure 5 and 6 show cases where the most powerful nation is not opposed by
a relatively strong alliance. Under every circumstance, the most powerful nation – the United States – is able
to expand. The cost of war for the winning nation is o�set by tribute from weaker nations. In the case that the
tribute rate is relatively low (.1) and democratic e�iciency is relatively high (1), a sustainable structure of tribute
is established, allowing all nations to experience a positive, even if negligible, rate of growth.

Figure 5: Wealth by State (1945).

Figure 6: Wealth by State (1960).

4.11 Only in the case where the most powerful country can be opposed by a strong alliance do we see that conflict
is either abated or that the nation that starts with the greatest resource capacity loses that position (Figure 7
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and 8). The finding is consistent with Axelrod’s finding that alliance network can consist of havemore than one
powerful actor. This is the case in 1980 where the most powerful nation, Russia, is opposed by an alliance be-
tween Japan and theUnited States. If Russia attempts to extract from these nations at a high rate, United States
andRussia respondby entering into conflictwith Russia. Since these two, together, have greater resources than
Russia, Russia loses thesewars. In the casewhere Russia extracts a low rate of tribute anddemocratic e�iciency
is high, a tribute structure is formed early on that allows all nations to experience positive rates of growth.

Figure 7: Wealth by State (1980).

Figure 8: U.S. Defense Agreements and Japan Shown in Red Russian Defense Agreements Shown in Purple.
Defense Network: 1980; Node Size = Wealth.
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Conclusion

5.1 Perhapsourmain result is not surprising. Societies arebest servedwhen the extent towhich they extractwealth
(i.e., steal) from their neighbors is relatively low. Our model assumes that society experiences an equilibrium
level of extraction for those who are successful in such endeavors. This feature allows us to investigate the
relationship between rates of extraction of tribute and the predisposition toward war and welfare levels that
result. Higher levels of tribute lead to more war, except under the premise that powerful nations are able to
extract the entirety of another nation’s wealth. Further, we find that large discrepancies in power between the
most powerful nations tend to lead to a single dominant player in the network.

5.2 Wehaveprovidedageneralmodel of international conflict andnegotiation. Ourmodel is not apredictivemodel
in the sense that it accurately predicts future alliances and levels of wealth in each country. The model shows
the relationship between the e�iciency of decision-making processes and the incentive to engage in conflict
as represented by the tribute rate. It is conceivable, however, that the model could be calibrated to reflect
past levels of extraction or integrate other variables of significance thatmaymake it useful for predicting future
conflicts.

5.3 Extensions for future work include an extension similar to Mearsheimer’s (To� 2005) work. Just as he focuses
on the role of power and geography in world politics in his theory of o�ensive realism, we wish to expand our
modelbyaddinggeographical components to thedecisions that theagentsmakewhendecidingwhetherornot
to go to war. There is also potential to include to a more in-depth network-based theory of alliance formation
that relies on a more expansive data environment for the country-agents to use in decision making. Networks
and structure also exist within a nation-state. Our model does not consider such structure, however, there is
no reason why these structures cannot be simulated using voting models and other complex simulations of
decision-making within government.
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Notes

1Axelrod (2006) and Bhavnani & Miodownik (2009)
2See for example Sandler (2000); Wittman (2000); Hirshleifer (1995); Garfinkel & Skaperdas (2007)
3This is in no way to deny the existence of voluntary institutions such as religion (in some cases), civil soci-

eties, and those institutions used to manage common areas during that are endowed with sovereignty within
a given domain (Ostrom 1990).

4According to Wayman et al. (1983), “examining these statistics and the frequencies of victory, we see that
industrial strength as reflected in iron and steel output is the most critical of those factors examined, and that
armed force size and military expenditure are fairly important elements, followed by total population, which
has an e�ect in the predicted direction but which, unlike the others, is too weak to be statistically significant.”
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