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Combatant Fragmentation and the Dynamics of
Civil Wars

MICHAEL FINDLEY anp PETER RUDLOFF*

Civil war dynamics and outcomes are shaped by processes of change largely unaccounted for in
current studies. This examination explores how the fragmentation of combatants, especially the
weaker actors, affects the duration and outcomes of civil wars. Some results of a computational
modelling analysis are consistent with the article’s expectations, several of them are counterintuitive.
They show that when combatants fragment, the duration of war does not always increase and such
wars often end in negotiated agreements, contrasting with the expectations of literatures on spoilers,
moderates and extremists. Empirical cases, such as Iraq, Congo, Chechnya and the Sudan, illustrate
the importance of fragmentation. This study demonstrates the value of accounting for diverse changes
in actors and circumstances when studying the dynamics of war.

Since 2003, coalition forces in Iraq have engaged in conflict with a variety of opposition
groups. The set and characteristics of these groups continue to change over time as the
violence ebbs and flows. During the early stages of the war, the primary opposition
consisted of ex-Baathist Iraqi military forces. Over the next several years, combatants
fragmented and many new groups emerged. Hafez identifies up to fifty-six Sunni groups
that were involved in insurgent attacks between 2003 and 2006, for example.! A
fragmented Shia insurgency also developed in Iraq, further expanding the set of actors
involved in the war. The recent conflict in the Darfur region of the Sudan likewise
involves a changing roster of combatants. The Sudanese Liberation Army (SLA)
fragmented into two separate groups and the number of combatants proliferated over the
course of several years. During the first Chechen war (1994-96), otherwise unfriendly
Chechen clans first united to oppose the Russian invasion, but over time the opposition
fragmented into many groups. Similar changes to the set and characteristics of actors
occurred in many other conflicts in contexts as diverse as Colombia, Burundi and
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Afghanistan.? This raises the question of how such processes of change occur and affect
the dynamics and outcomes of wars.

Both the theoretical and empirical literatures on war dynamics capture only a limited
conception of change. Current theoretical models of war dynamics tend to follow the
suggestions of Fearon® by focusing either on the presence of incomplete information,* or
the existence of commitment problems’ associated with negotiated agreements. Over the
past decade, formal-theoretic bargaining models of war offer prominent theoretical
innovations in the study of war. Yet, one of the principle features of existing models is the
inclusion of only two fixed actors that, during the course of conflict, change only in their
capabilities and beliefs. Although formal models of war were developed primarily to
explain interstate wars,® scholars apply both the assumptions and insights extensively to
civil wars’ or, at least, suggest that they apply.® Yet, arguably, these models require
crucial adjustments to capture the fundamental dynamics of civil wars.

There also exists a non-trivial disjuncture between theoretical models of war dynamics
and the empirical dynamics of civil wars. Some empirical literatures discuss specific cases of
complexity that arise during the course of civil conflicts, including war expansion through
third party state intervention’ or changes in rebel groups during civil war,'” but in
understandably limited ways. Other processes of change, such as the fragmentation of
combatants, are scarcely noticed, even in the empirical literature. And yet, such changes
appear to be the rule rather than the exception. Kalyvas writes: ‘civil wars are not binary
conflicts but complex and ambiguous processes that foster an apparently massive, though
variable, mix of identities and actions ... Put otherwise, the widely observed ambiguity is
fundamental rather than incidental to civil wars, a matter of structure rather than noise.’!!

2 Uppsala Conflict Data Program, Uppsala Conflict Database, see www.pcr.uu.se/database. Uppsala
University (accessed May 2010).

3 James D. Fearon, ‘Rationalist Explanations for War’, International Organization, 49 (1995),
379-414.

4 Dan Reiter, ‘Exploring the Bargaining Model of War’, Perspectives on Politics, 1 (2003), 27-43.

> E.g., Robert Powell, ‘War as a Commitment Problem’, International Organization, 60 (2006),
169-203.

® E.g., Darren Filson and Suzanne Werner, ‘A Bargaining Model of War and Peace: Anticipating the
Onset, Duration, and Outcome of War’, American Journal of Political Science, 46 (2002), 819-37;
Branislav Slantchev, ‘The Principle of Convergence in Wartime Negotiations’, American Political Science
Review, 97 (2003), 621-32.

7 E.g., Alastair Smith and Allan C. Stam, ‘Mediation and Peacekeeping in a Random Walk Model of
War’, International Studies Perspective, 5 (2003), 115-36; James D. Fearon, ‘Why Do Some Civil Wars
Last so Much Longer than Others?’, Journal of Peace Research, 41 (2004), 275-301; David Cunningham,
“Veto Players and Civil War Duration’, American Journal of Political Science, 50 (2006), 875-92; Clayton
Thyne, ‘Cheap Signals with Costly Consequences: The Effect of Interstate Relations on Civil War,
1945-1999°, Journal of Conflict Resolution, 50 (2006) 937-61.

8 E.g., David Lake, ‘International Relations Theory and Internal Conflict: Insights from the
Interstices’, International Studies Review, 5 (2003), 81-90; Havard Hegre, ‘The Duration and Termination
of Civil War’, Journal of Peace Research, 41 (2004), 243-52; Reiter, ‘Exploring the Bargaining Model of
War’.

® Patrick Regan, “Third-party Interventions and the Duration of Intrastate Conflicts’, Journal of Conflict
Resolution, 46 (2002), 55-73; Dylan Balch-Lindsay, Andrew Enterline and Kyle Joyce ‘Third-Party
Intervention and the Civil War Process’, Journal of Peace Resesarch, 45 (2009), 345-63.

19 Navin A. Bapat, ‘Insurgency and the Opening of Peace Processes’, Journal of Peace Research, 42
(2005), 699-717.

' Stathis Kalyvas, ‘The Ontology of “Political Violence: Action and Identity in Civil Wars’,
Perspectives on Politics, 3 (2003), 475-94, p. 475.



Combatant Fragmentation and the Dynamics of Civil Wars 881

TABLE 1 Descriptive Statistics on Fragmentation in Civil Wars
Number of wars with Percentage of wars with

Continent fragmentation Total wars fragmentation
Africa 21 39 54%
Americas 3 11 27%
Asia 23 39 59%
Australia and Oceana 1 4 25%
Europe 2 21 10%

50 114 44%

Empirically, recent civil wars suggest that the complexity is indeed fundamental — changes
in the set and characteristics of actors appear pivotal in case after case. Although many types
of change are important, we have focused this article on how the fragmentation of
combatants affects the duration and outcomes of civil wars. As a first step, we considered
how frequently combatants fragment, by coding the number of wars in the Uppsala Conflict
Database in which at least one group fragmented.'? Based on a conservative coding of the
wars, fifty out of 114 (roughly 44 per cent) experienced fragmentation. Table 1 gives
descriptive statistics of wars with fragmentation across regions; fragmentation occurred in
many of the highest profile wars, such as Rwanda, Northern Ireland, Democratic Republic
of the Congo, Iraq, Sudan, India, Sri Lanka, Colombia, Algeria and Peru, to name a few. In
a number of the wars, fragmentation occurred more than once. In this initial empirical
inquiry, wherever possible, we identified the timing of the fragmentation by the quarter of
the war in which it occurred. Based on the available data, 33 per cent of the fragmentations
occurred during the first quarter of the war, 12 per cent in the second quarter, 14 per cent in
the third quarter, and 41 per cent in the fourth quarter. Empirically, fragmentation dynamics
are not easy to capture with a high level of precision, but these broad observations suggest
that fragmentation occurs frequently and it tends to cluster at the beginning and end of wars.

Because fragmentation is difficult to consider conceptually and empirically, we argue
that the causes and consequences of fragmentation can be better understood by
conceptualizing war as an evolutionary system.'® Conceptualized as such, war is a process
whereby combatants learn on an individual basis, but are also subject to evolutionary
processes similar to natural selection, which result in changes to the set and characteristics
of the actors. We utilize computational modelling, which is well suited to incorporating
evolutionary processes in multi-agent situations.'* De Marchi notes that:

‘war is often non-dyadic, and models that assume dyadic conflicts cannot be expected to have
anything general to say about non dyadic conflicts ... N-player games are difficult, in most

12 Uppsala Conflict Data Program, Uppsala Conflict Database, http://www.pcr.uu.se/database,
Uppsala University (accessed 2008).

13 Robert M. Axelrod, ‘Alternative Uses of Stimulation’, in Neil E. Harrison, ed., Complexity in World
Politics: Concepts and Methods of a New Paradigm (Albany: State University of New York Press, 2006),
pp- 137-41; Patrick James and David Goetze, eds, Evolutionary Theory and Ethnic Conflict (Westport,
Conn.: Praeger, 2001); Miles Kahler, ‘Evolution, Choice, and International Change’, in David A. Lake
and Robert Powell, eds, Strategic Choice and International Relations (Princeton, N.J.: Princeton
University Press, 2001), pp. 165-96.

4 Robert M. Axelrod, The Complexity of Cooperation: Agent-Based Models of Competition and
Collaboration (Princeton, N.J.: Princeton University Press, 1997); Axelrod, ‘Alternative Uses of Stimulation’.
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circumstances, for game theory to encode; thus, formal modelers often make the choice of
making analogies to the multi-actor case from a two-player game’."

Considering the ways that actors change during war, computational modelling
is a suitable approach to address these multi-actor scenarios. The computational
model of war in this article builds on the structure and insights of existing formal models
but, in an attempt to model more directly the complexities of the war, we treat agents
as adaptive, boundedly rational actors subject to uncertainties arising from the process
of war.

We proceed with a discussion of processes of change during war. We then develop a
baseline model of war incorporating elements of what Powell refers to as ‘informational
problems’,'® and consider whether our results are generally consistent with the theoretical
expectations of the formal literature, despite beginning with some different assumptions.
Next, we incorporate an evolutionary selection process that can lead to the fragmentation
of actors and analyse how it influences the duration and outcome of wars. We find that
fragmentation does not simply occur as a matter of course; but it happens enough to alter
the course and outcomes of wars in distinct ways.

Among other findings, one key result emerges from our analysis that runs contrary to
much conventional wisdom in the civil war literature. Some prominent research on civil
wars suggests that the dynamics between moderates and extremists, often induced by
fragmentation, make wars more difficult to resolve.'” Further, others have suggested that
the number of actors involved in a war only complicates the ability of combatants to
reach an end to the war.'® The opening example appears to support others” arguments:
the rise of the fragmented Shia insurgency appears to have complicated the dynamics of
the Iraq war.

And yet, under many circumstances, our model suggests that fragmentation may lead
to shorter wars that end in negotiated agreement. The logic underlying the connection
between fragmentation and the dynamics of war is that fragmentation substantially
weakens the resulting combatants who split, which creates conditions conducive for more
immediate co-operation. While we are cautious to apply the theoretical results directly to
a broader set of empirical cases, these findings suggest a potential explanation for the
clustering of instances of fragmentation in the final stages of wars that we found in the
preliminary empirical examination above.

CIVIL WAR DYNAMICS AND OUTCOMES

Scholars of civil (and interstate) wars devote much of their effort to the conditions under
which wars begin. While there has been interest over time in the dynamics and outcomes

15 Scott de Marchi, Computational and Mathematical Modeling in the Social Sciences (Cambridge:
Cambridge University Press, 2005), p. 92.

16 Robert Powell, ‘Bargaining and Learning while Fighting’, American Journal of Political Science, 48
(2004), p. 345.

17 Stephen Stedman, ‘Spoiler Problems in Peace Processes’, International Security, 22 (1997), 5-53;
Andrew Kydd and Barbara Walter, ‘Sabotaging the Peace: The Politics of Extremist Violence’,
International Organization, 56 (2002), 263-96; Lake, ‘International Relations Theory and Internal
Conflict’; Suzanne Werner and Amy Yuen, ‘Enforcing Peace: Suppressing Extremists Without Losing the
Moderates’, in Alex Mintz and Bruce Russett, eds, New Directions for International Relations (Lexington,
Mass.: Lexington Books, 2005).

'8 Cunningham, ‘Veto Players and Civil War Duration’.
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of wars," far less attention has been given to war resolution. Formal models of war
dynamics are largely responsible for a shift in emphasis towards the entire process of war
and demonstrate the importance of learning.?® Although formal models of war dynamics
emphasizing information problems were primarily developed as explanations for
interstate war, they have been applied to civil wars almost without alteration.?'

Learning during Civil War

Clausewitz discusses the ambiguity facing combatants attempting to obtain reliable
estimates of an opponent’s troops and strategies; he famously refers to this as the ‘fog’
(uncertainty) of war.?> More recently, others raise Clausewitz’s ideas about ambiguity in
justifying the difficulties of learning during war and the consequent difficulties of
prosecuting the war.>

From the perspective of the current war literature, combatants learn about their
opponent(s) during war, and utilize these changing expectations to inform their choices as
they attempt to maximize their individual utility.”* In this framework, learning is
motivated by a desire to choose the ‘best’ strategy — one that maximizes individual goals.
Some scholars have modelled the problem of fog in war by assuming that the outcomes of
key events, or the actions of other combatants, provide important information.?®

Following Fearon, who argues that war often results because of incomplete
information about the distribution of capabilities, models of war dynamics generally
assume that the outcomes of battles, and in some cases actions during negotiations, reveal
information to the actors about the distribution of capabilities.”® The information
generated by these events helps clear the ‘fog’ that Clausewitz spoke of, so that the
combatants understand whether they should settle by negotiating an agreement or
continue to pursue a military victory.?” That is, as the actual distribution of capabilities

19 Donald Wittman, ‘How a War Ends: A Rational Model Approach’, Journal of Conflict Resolution,
23 (1979), 743-63; David T. Mason and Patrick Fett, ‘How Civil Wars End: A Rational Choice
Approach’, Journal of Conflict Resolution, 40 (1996), 546—68.

20 R. Harrison Wagner, ‘Bargaining and War’, American Journal of Political Science, 44 (2000), 469-84;
Filson and Werner, ‘A Bargaining Model of War and Peace’.

21 E.g., Smith and Stam, ‘Mediation and Peacekeeping in a Random Walk Model of War’; Fearon,
‘Why Do Some Civil Wars Last So Much Longer than Others?’; Cunningham, ‘Veto Players and Civil
War Duration’; Thyne, ‘Cheap Signals with Costly Consequences’.

22 Carl von Clausewitz, On War, ed. and trans. by Michael Howard and Peter Paret (Princeton, N.J.:
Princeton University Press, 1984), p. 140.

2 E.g., Fred Iklé, Every War Must End (New York: Columbia University Press, 1971). More generally,
a sizeable literature on learning in foreign policy has sprung up and intensified following Jack Levy (see
‘Learning in Foreign Policy: Sweeping a Conceptual Minefield’, International Organization, 48 (1994),
279-312). Learning has developed a central role in international relations and is particularly important in
studies of war dynamics.

24 Filson and Werner, ‘A Bargaining Model of War and Peace’.

25 E.g., see Hein Goemans, War and Punishment: The Causes of War Termination and the First World
War (Princeton, N.J.: Princeton University Press, 2000); Smith and Stam, ‘Mediation and Peacekeeping
in a Random Walk Model of War’; Alastair Smith and Allan C. Stam, ‘Bargaining and the Nature of
War’, Journal of Conflict Resolution, 48 (2004), 783-813; Wagner, ‘Bargaining and War’; Filson and
Werner, ‘A Bargaining Model of War and Peace’; Darren Filson and Suzanne Werner, ‘The Dynamics of
Bargaining and War’, International Interactions, 33 (2007), 31-50; Slantchev, ‘The Principle of
Convergence in Wartime Negotiations’; Powell, ‘Bargaining and Learning while Fighting’.

26 Fearon, ‘Rationalist Explanations for War’.

27 Clausewitz, On War, p- 140.
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becomes evident to the different parties, each side can agree on its relative share of a
negotiated agreement.

One of the key results from the formal literature is that actor beliefs about the
distribution of capabilities ‘converge’,”® and as a result, actors decide to co-operate
with each other by negotiating an agreement. It is difficult to verify empirically
whether the convergence mechanism leads to more negotiated agreements, but the
frequency of negotiated agreements generally matches the empirical record in that
interstate wars have been far more likely to end by negotiated agreement than military
victory.? In the post-Cold War era, even civil wars have been far more prone to end
in negotiated settlement than in military victory.®® And rationalist explanations of
civil wars suggest that, like interstate wars, learning can play a key role in the resolution
of war.’!

Other important questions remain, nonetheless. Are civil wars fundamentally different
from interstate wars? Kalyvas and others suggest that significantly greater ambiguity exists
in civil wars.>® What happens, for example, when more than two actors battle against each
other? Cunningham contends that the more actors there are in a war, the longer that war is
likely to last.*® The more actors there are, arguably the more complicated the information
problems that occur during the war®* and, consequently, the more difficult it is to end it.
Nominally weaker actors, furthermore, might create uncertainty through the use of
extremist violence that potentially spoils steps towards peace.®® Thus, the current literature
implies that learning may be complicated as the roster of combatants changes shape during
the war, causing wars to last longer.

Like evolutionary processes, changes to the set and characteristics of actors during war
result from more than just the outcome of a battle or a negotiation attempt, and are more
than the direct product of individual agency. One could argue that actors change by
choice in order to improve the prospects for victory on the battlefield or to get a better
deal at the negotiation table. And yet, not all changes in actors necessarily lead to a
greater likelihood of success during war. In the Sudan, the government’s new strength,
through a coalition with one of the previous Sudanese Liberation Movement (SLM)
factions, following the May 2006 Darfur peace agreement, allowed it to be more
successful. At the same time, the other SLM faction and the Justice and Equality
Movement (JEM) became much weaker and began to fall apart as various segments of the
once unified groups split into smaller fragments.

8 Slantchev, “The Principle of Convergence in Wartime Negotiations’; Smith and Stam, ‘Bargaining
and the Nature of War’.

2 Paul Pillar, Negotiating Peace: War Termination as a Bargaining Process (Princeton, N.J.: Princeton
University Press, 1983); c.f. Slantchev, ‘The Principle of Convergence in Wartime Negotiations’,
p. 621.

30 Robert E. Bohrer and Caroline A. Hartzell, ‘After the Shooting Stops: Civil War Settlements and the
Postwar Environment’ (paper presented at the Annual Meeting of the International Studies Association,
Honolulu, 2005).

3l Eg., Smith and Stam, ‘Mediation and Peacekeeping in a Random Walk Model of War’;
Cunningham, ‘Veto Players and Civil War Duration’.

32 Kalyvas, “The Ontology of “Political Violence™”.

33 Cunningham, ‘Veto Players and Civil War Duration’.

3% Barbara F. Walter, ‘Bargaining Failures and Civil War’, Annual Review of Political Science, 12
(2009), 243-61.

3 Stedman, ‘Spoiler Problems in Peace Processes’; Kydd and Walter, ‘Sabotaging the Peace’.
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From Formal Models to Empirical Tests

Over a decade ago, a group of prominent scholars published a collection of essays calling
for studies to examine ‘war and conflict as a dynamic, evolving, malleable, and complex
phenomenon’.*® Likewise, James and Goetze organized a collection of work addressing the
connections between evolutionary theory and ethnic conflict on the basis that standard
approaches to studying war might not be adequate.’” More recently, others have argued for
connecting different phases of war together to understand the interdependencies of the
component parts.*® The formal literature on war attempts to address complexities of war
and connect different stages of conflict within a single framework, but in understandably
limited ways.

With only a few exceptions, empirical tests of the formal literature are almost non-existent.>
To be sure, a number of quantitative scholars attempt to push forward a disaggregated study
of conflict behaviour, but we contend that the vast majority assume away many of the
complexities of war.*® Quantitative research captures certain complexities of war, such as the
involvement of multiple actors, better than existing formal work, but also in understandably
limited ways.*' Quantitative research on interstate war mostly uses the dyad as the unit of
analysis,*” but this approach does not address multilateral processes adequately.*?

In civil war research, the country year has been the primary unit of analysis in most
studies.** Some argue that different research designs should be employed in order to
account adequately for multilateral and more complex processes. For example, others
explore the role of dyadic interactions,* or third-party involvement in civil wars,* that
are not dependent on the dyadic framework. But even these studies are limited in the set
of actors considered and a two-actor framework to which they are confined. Even in the
civil war studies that account for more than two actors,*’ there is an important distinction

36 Stuart Bremer and Thomas Cusack, The Process of War: Advancing the Scientific Study of War
(Amsterdam: Gordon and Breach, 1995), p. vii.

37 James and Goetze, Evolutionary Theory and Ethnic Conflict.

3 E.g., Paul F. Diehl, ‘Just a Phase? Integrating Conflict Dynamics over Time’, Conflict Management
and Peace Science, 23 (2006), 199-210.

¥ E.g., Barbara F. Walter, Committing to Peace: The Successful Settlement of Civil Wars (Princeton,
N.J.: Princeton University Press, 2002); Fearon, “‘Why Do Some Civil Wars Last So Much Longer Than
Others?’; Branislav Slantchev, ‘How Initiators End Their Wars: The Duration of Warfare and the Terms
of Peace’, American Journal of Political Science, 48 (2004), 813-29; Kristopher Ramsay, ‘Settling It on the
Field: Battlefield Events and War Termination’, Journal of Conflict Resolution, 52 (2008), 850-79.

40 See, for example, the special issue of the Journal of Conflict Resolution 42:3 (1998) that examines the
internal dynamics of wars.

4l D. Scott Bennett and Alan Stam, ‘The Duration of Interstate Wars, 1816-1985", American Political
Science Review, 90 (1996), 239-57; Cunningham, ‘Veto Players and Civil War Duration’.

42 Stuart Bremer, ‘Dangerous Dyads: Conditions Affecting the Likelihood of Interstate War,
1816-1965", Journal of Conflict Resolution, 36 (1992), 309-41.

43 Sarah Croco and Tze Kwang Teo, ‘Assessing the Dyadic Approach to Interstate Conflict Processes:
A k.a. “Dangerous” Dyad-Years’, Conflict Management and Peace Science, 22 (2005), 5-18.

44 E.g., James D. Fearon and David Laitin, ‘Ethnicity, Insurgency, and Civil War’, American Political
Science Review, 97 (2003), 75-90.

4 E.g., David E. Cunningham, Kristian Skrede Gleditsch and Idean Salehyan, ‘It Takes Two: A
Dyadic Analysis of Civil War Duration and Outcome’, Journal of Conflict Resolution, 53 (2009), 570-97.

46 E.g., Stephen Gent, ‘Strange Bedfellows: The Strategic Dynamics of Major Power Interventions’,
Journal of Politics, 69 (2007), 1089-102.

47 E.g., Cunningham, ‘Veto Players and Civil War Duration’; Desirée Nilsson, ‘Partial Peace: Rebel
Groups Inside and Outside of Civil War Settlements’, Journal of Peace Research, 45 (2008), 479-95.
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between including a variable for more actors in a regression model and accounting for
how the actors change and the effects of these changes. Indeed, our contention in this
article is that the process of fragmentation is intrinsically useful to consider as a way of
capturing some of the complexity of civil wars.*®

Complexity in Civil War

Clearly both the formal and empirical literatures contribute to our understanding of the
dynamics of civil war. And yet there is a substantial disconnect between the formal and
empirical literatures, as well as between either literature and the phenomenon of civil war
itself. Empirically, for example, actors are forced to adjust expectations and change
strategies based on processes that are not only outside the combatants’ control, but
arguably external to the interactions and decisions of existing combatants. Such a process
might include the intervention of outside parties (as in the 1999 intervention of the North
Atlantic Treaty Organization (NATO) into Kosovo), forcing combatants to respond to
changing circumstances.

One of the contributions of our project is to incorporate fragmentation, which occurs in
many civil wars, and offer a more diverse set of expectations regarding the outcome and
duration of wars. We contend that these processes of change are fundamental, not
tangential, to the process of civil war and should be better included in theoretical models
and empirical analyses. Among the many possibilities, we suggest that fragmentation
receives only cursory attention in the civil war literature. Unfortunately, changes such as
fragmentation are difficult to capture using extant modelling approaches. Therefore, we
have attempted to model fragmentation dynamics using computational techniques.

A MODEL OF CIVIL WAR WITH FRAGMENTATION

We have constructed a computational model of civil war that incorporates assumptions
found in the current formal modelling literature, such as bargaining and learning, along
with assumptions from the agent-based modelling literature, such as notions of adaptive,
boundedly rational agents. Given the complexities inherent in civil wars, we have
attempted to construct the model to capture key elements that ‘generate results that
directly map to the empirical referent’ (fragmentation) rather than confining the
assumptions to the bounds of a mathematical model.* Particularly, we have allowed
the actors themselves to change over time by fragmenting and, consequently, for more
than two actors who interact adaptively, rather than fully rationally.’® The model allows
us to vary a greater number of parameters to explore the consequences of these changes

“® One implication that follows from our analysis is that statistical models could be enriched to capture
fragmentation and other changes. Advances in events data analysis (e.g., Stephen Shellman, ‘Coding
Disaggregated Intrastate Conflict: Machine Processing the Behavior of Substate Actors over Time and
Space’, Political Analysis, 16 (2008), 464—77), for example, could help disaggregate and so test civil war
dynamics better.

4 De Marchi, Computational and Mathematical Modeling in the Social Sciences, p. 127.

50 Lars-Erik Cederman, ‘Endogenizing Geopolitical Boundaries with Agent-Based Modeling’,
Proceedings of the National Academy of the Sciences, 99 (2002), 7296-303; John H. Holland and John
Miller, ‘Artificial Adaptive Agents in Economic Theory’, American Economic Review Papers and
Proceedings, 81 (1991), 365-70; Axelrod, The Complexity of Cooperation; John H. Miller and Scott E.
Page, Complex Adaptive Systems: An Introduction to Computational Models of Social Life (Princeton,
N.J.: Princeton University Press, 2007).
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on the outcomes of interest.’! Scholars increasingly use computational models of war and
violence to account for the number and heterogeneity of actors and to explore a greater
repertoire of actor strategies and outcomes.”

We begin by assuming that agents are involved in a dispute over the distribution of some
issue, such as how to share power in a government or how to address a territorial claim on a
state’s border. Each simulation begins with the initialization phase in which two agents are
created and assigned characteristics such as capabilities and beliefs. After the initialization
phase, the agents enter into the ‘main interaction loop’ consisting of alternating rounds of
negotiations and battles, similar to the alternating battles and negotiations convention found
in the game-theoretic literature.”® The ‘negotiation phase’ can end in two possible outcomes.
Either agents agree to a settlement, at which point the simulation ends, or the agents do not
agree and the simulation continues. In the baseline model, the agents proceed immediately to
the ‘battle phase’, the outcome being determined by the distribution of capabilities and a
random draw, which is another common feature of game-theoretic models we cite. Following
battles, agents alternate between negotiations and battles until either a negotiated agreement
obtains or one side achieves a military victory.

In the extended model with fragmentation, a ‘selection’ phase can occur between the
negotiation and battle stages, during which fragmentation may take place. In this article,
we primarily consider the fragmentation of existing actors. The baseline and extended
models are summarized in Figure 1, where the dotted line (box) surrounding the
‘Fragmentation Phase’ indicates that this part of the simulation only occurs in the
extended model. The following section formalizes the model.>*

The Baseline Model

Two agents, i and j, are involved in a dispute over II, which represents terms of a settlement
such as control over the institutions of government, means of coercion, territory or some
other benefits. Agent utility is strictly increasing over II, meaning that both i and j wish to
obtain the entire II. During the initialization phase, i and j are created and assigned initial
attributes. The capability of each agent is determined through a random draw from a uniform
distribution in u,. €[0, 8], where & represents the maximum amount of capability, x, an agent
can possess at the outset.” p denotes the capability ratio for agents such that p, = S
Assume first complete information, in which i knows its own capability as well as j’s.

! De Marchi, Computational and Mathematical Modeling in the Social Sciences.

52 D. Scott Bennett, ‘Governments, Civilians, and the Evolution of Insurgency: Modeling the Early
Dynamics of Insurgencies’, Journal of Artificial Societies and Social Simulation, 11 (2008); Ravi Bhavani
and David Backer, ‘Localized Ethnic Conflict and Genocide: Accounting for Differences in Rwanda and
Burundi’, Journal of Conflict Resolution, 44 (2000), 283-307; Ravi Bhavnani and Michael Ross,
‘Announcement, Credibility, and Turnout in Popular Rebellions’, Journal of Conflict Resolution, 47
(2003), 340-66; Ravi Bhavnani, ‘Ethnic Norms and Interethnic Violence: Accounting for Mass
Participation in the Rwandan Genocide’, Journal of Peace Research, 43 (2006), 651-69; Lars-Erik
Cederman, ‘Articulating the Geo-Cultural Logic of Nationalistic Insurgency’, in Stathis Kalyvas, Ian
Shapiro and Tarek Masoud, eds, Order, Conflict and Violence (Cambridge: Cambridge University Press,
2008), pp. 242-70; Joshua Epstein, ‘Modeling Civil Violence: An Agent-based Computation Approach’,
Proceedings of the National Academy of the Sciences, 99 (2002), 7243-50.

53 Filson and Werner, ‘A Bargaining Model of War and Peace’; Filson and Werner, ‘“The Dynamics of
Bargaining and War’; Slantchev, ‘“The Principle of Convergence in Wartime Negotiations’.

3" A more detailed description of parameters can be found in the Appendix on the Journal website.

55 To prevent the unlikely event of an agent randomly drawing zero capability, we round the random
draw of each agent’s initial capability to the next highest positive integer.
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Fig. 1. Overview of the computational model

At the beginning of the negotiation phase, the strongest agent, 7 (assume ;> x;), makes
an offer n; to j, which represents some division of II. Agent i offers 7; based on its belief
about the distribution of capabilities. Under complete information, agents have accurate
beliefs and therefore i offers itself 7; = p,*IT and offers agent j n; = p,*Il = l-m;. m;
and m; represent the shares of II expected by both agents and, accordingly, both i and j
accept, and the simulation ends immediately with an agreement.

Rationalist studies of war have long accepted the idea that capabilities are uncertain,
leading to a variety of models incorporating ‘private information™® and ‘asymmetric
information™’ assumptions. Thus, we now assume that each agent knows its own capabilities,
but has beliefs about the capabilities of all others and must learn during war.>®

Given the complexities of civil war, we assume that agents have extremely limited ability
to forecast the likely course of the war and, therefore, in a general sense are boundedly
rational and frequently use inductive reasoning over time to make decisions.”” Lane and
Maxfield discuss the complex ‘foresight horizon’ facing actors in wars such as Bosnia.®

6 E.g., Fearon, ‘Rationalist Explanations for War’, pp. 390-401.

57 E.g., Slantchev, ‘The Principle of Convergence in Wartime Negotiations’, p. 624.

8 In contrast, existing models often incorporate what Fudenberg and Tirole call ‘one-sided asymmetric
information’ (Drew Fudenberg and Jean Tirole, Game Theory (Cambridge, Mass.: MIT Press, 1991),
p- 424), meaning that in a world of two actors, one has uncertainty and one does not (Filson and Werner,
‘A Bargaining Model of War and Peace’). Filson and Werner, however, note that ‘a large variety of
equilibria exist in bargaining games with two-sided incomplete information, making prediction difficult or
impossible.” (Filson and Werner, ‘A Bargaining Model of War and Peace’, p. 822.)

> Hugh Ward, ‘A Behavioural Model of Bargaining’, British Journal of Political Science, 9 (1979),
201-18; Ariel Rubinstein, Modeling Bounded Rationality (Cambridge, Mass.: MIT Press, 1998); Brian W.
Arthur, ‘Inductive Reasoning and Bounded Rationality’, American Economic Review: Papers and
Proceedings, 84 (1994) 406-11.

0 David Lane and Robert Maxfield, ‘Foresight, Complexity, and Strategy’, in Brian W. Arthur, Steven
Durlauf and David Lane, eds, The Economy as an Evolving Complex System II (Reading, Mass.: Perseus,
1997), pp. 169-98, at p. 170.
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They suggest that Bosnian diplomats in early 1995 had to wrestle with whether Croats
were friends or foes, decide whether the UN Security forces would support them, and
predict which new actors might join the war, and only through experience could they
make their choices.®! Comparing rational choice and adaptive computational models,
furthermore, Laver argues that:

‘the key distinction ... is that hyperrational agents make choices by looking forward
strategically, continuously solving and resolving in real time the dense system of equations in
the high-end rational choice literature ... In contrast, adaptive agents look backward and learn
from the past, developing simple rules of thumb that condition future behavior on the recent
history of the system’.%>

We assume agents have minimal ability to understand the future course of the war
and that they learn adaptively, rather than rationally. While political scientists commonly
use Bayes’ Rule for belief updating, it is clear that there are a very large number of
possible learning models from which to choose.®® Given our interest in modelling war
as a complex system with boundedly rational agents, we opt to use a simple heuristic-
based learning model that captures one of the simplest ways agents might update
beliefs. Specifically, we adapt a framework in Smith and Stam in which beliefs are based
on the mean of the beta distribution, which has two free parameters, a and 8.%* Using a
and B, each agent calculates an estimated ratio between itself and another agent, such that
agent 7’s belief about j is p;; = oc,-,,-/(oc,;J + B;;)- Initially, the parameters «;; and B;;
are derived from x; and x;, Under complete information, x;/Xx = oc,-,]-/(oc,-z,- + Bij)-
Under incomplete information, 1 denotes the maximum amount that 8;; can vary from «;
such that:

By = 15+ (g x ) x (I=(uy x 2), O

where u, e U[0,1] (i.e., a random draw from a uniform distribution on the unit interval).®’

Now, i’s offer to itself is 7; = p; and i‘s offer to jis mj = 1—p; = 1—(o;;/(%i; + B;))).
Note that 7’s offer to j is based entirely off of i’s belief, which is derived from the pairwise
parameters «;; and ;. It is possible for i to make an offer that j will not accept, because
i’s belief of j’s capability (1—p; ;) may be lower than ;s belief. Similar to Fearon, only one
agent, in our case agent i, is able to make offers to other agents.®® If an agent is offered a
portion of IT that is greater than or equal to what it believes it deserves®’, then it accepts
the offer (i.e., for i if ©; > p)).

! Lane and Maxfield, ‘Foresight, Complexity, and Strategy’.

2 Michael Laver, ‘Policy and the Dynamics of Political Competition’, American Political Science
Review, 99 (2005), 263-81, p. 264.

% Thomas Brenner, ‘Agent Learning Representation: Advice on Modeling Economic Learning’, in
Leigh Tesfatsion and Kenneth Judd, eds, Handbook of Computational Economics, Vol. 2 (Amsterdam:
North-Holland, 2006), pp. 895-947.

% Smith and Stam, ‘Bargaining and the Nature of War’, p. 790-1.

%5 In other words, 1 determines the range of possible values of 8s for an agent, indicating uncertainty
over the other agent’s capability (x). Rather than assuming that an agent calculates an expected value of 8
based on an underlying probability distribution, an agent’s B is determined through a random draw from
the distribution (u,). In other words, we do not impose a method of calculation that assumes all agents
arrive at B in a similar manner.

%6 Fearon, ‘Rationalist Explanations for War’.

7 Filson and Werner, ‘A Bargaining Model of War and Peace.
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What if the offer is less than p? Because actors could be willing to accept offers that are
similar to their beliefs, but not quite commensurate, a parameter, ¢, determines a
‘sensitivity’ range, similar to Rosen’s ‘willingness to suffer’ logic,®® in which actors might
accept sub-optimal solutions in order to avoid continued interaction, a process similar
to ‘satisficing’.®® This follows a substantial literature in agent-based modelling that
incorporates boundedly rational agents who satisfice, rather than optimize.”” If the
difference between an agent’s belief about its capability ratio and the offer is less than ¢
(ie., for i if p,—m; <e¢), then it accepts the offer. Actors know that, if they reject a
negotiation offer, a return to war will be unavoidable. For example, if one agent believes
it controls 75 per cent of the capability distribution, but is offered only 50 per cent of
IT and ¢=0.1, then the agent rejects the offer because the offer is too low (i.e.,
0.75—0.5=0.25>0.1). If both agents accept the offer, then a negotiated agreement is
reached, and the simulation ends.

Agents update beliefs about capabilities during the negotiation phase based on
whether an actor accepts an offer, which is observed by all other agents.”! If j rejects an
offer, then i concludes that it is underestimating j’s capability, and as a result adds y to
B.7> Negotiations end in one of two ways: both 7 and j accept the offer, at which point
the simulation ends; j rejects i’s offer and the simulation proceeds to the battle phase
(see Figure 1).

With only two agents, the battle phase consists of a single battle between i and j.
The outcome of the battle is determined by a random draw, u,e U][0,1], which is
compared to the distribution of capabilities. If u;, < p,, then i wins the battle and one unit
is added to i’s capability (x;,+1 = ki, + 1) and one unit is subtracted from j’s capability
(j1+1 = x;,—1). If u, > p;, then agent j wins and capabilities change similarly.

Each agent also updates its beliefs based on the outcome of the battle. If an agent wins
a battle, then it adds w to «, and thus believes it is stronger than originally thought.
If the agent loses the battle, then it adds w to B, and thus believes it is weaker than
originally thought. To illustrate, if i has @ = 1 and 8 = 1, then p; = 1/2. If { wins a battle,
then it adds w to « and its resulting belief about j is p, = (I + ®)/(2 + w), which is
higher than its previous belief. While not a complicated belief setup, this captures a simple
heuristic-based learning process that offers some indication to the combatants of how
strong they are.

If an agent’s capability reaches or drops below 0, then it is defeated and ceases to
participate further, and the simulation ends in victory for the remaining agent. In this

68 Stephen Rosen, “‘War Power and the Willingness to Suffer’, in Bruce M. Russett, ed., Peace, War,
and Numbers (Thousand Oaks, Calif.: Sage Publishers, 1972), chap. 6.

% Herbert Simon, Models of Bounded Rationality (Cambridge, Mass.: MIT Press, 1982).

0 E.g., Axelrod, The Complexity of Cooperation.

! Slantchev, ‘The Principle of Convergence in Wartime Negotiations’.

2 In the two-agent case, the strongest agent makes an offer that it always accepts. Assuming that y = 1,
if the weaker agent adds 1 to B every time the stronger agent accepts its own offer, then it may quickly
begin to lower its belief about the capability of the stronger agent. This is similar to the weaker agent
assuming that when the stronger agent makes an offer to itself that seems high, it is an indication that the
stronger agent is stronger than the weaker agent believes. It could be the case, however, that the weaker
agent believes the stronger agent is the one that is overestimating its capability, or that the stronger agent
is bluffing (see Fearon, ‘Rationalist Explanations for War’). To reflect the different conclusions that can
be drawn about the stronger agent, the weaker agent alternates between adding 1 to @ and 1 to B at the
end of each negotiation phase.
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case, the surviving agent wins all of II. If both agents survive the battle phase, the
simulation returns to the negotiation phase, and the main interaction loop begins again
(see Figure 1).

Baseline results. 'We conduct initial analysis of the model with key parameters set at five
different values that capture the range for each parameter. The parameters varied are the
maximum amount of capability that an agent may initially possess (6), the maximum
percentage initial belief parameters may deviate from agent capabilities (1), the threshold
agents use to accept offers (¢), the amount agents update beliefs in negotiations (y), and
the amount agents update beliefs in battles (w). Table 2 details the five ‘experiments’
conducted for the baseline parameter sweeps, each set at five different values (ranging
from low to high).”®

Due to the stochastic elements in the model, each experiment consists of 1,000 runs with
the same parameter configuration, and the results for the 1,000 runs are summarized for
comparison with other experiments. This prevents any single run from overly influencing
the conclusions from an experiment. In most cases, the parameters are bounded by 0 and
1 and we sweep most of the range. In a couple of cases (acceptance threshold and, later,
mutation probability), the high and low values capture a wide range of parameter values.
To measure duration in an experiment, we average the number of rounds it takes for runs
to end in settlement or victory.

We initially examine whether parameter changes lead to results generally consistent with
the existing formal literature. We are not suggesting that these experiments are directly
comparable to existing formal models. We find that these baseline experiments are consistent
with results from existing models. Simulations are more likely to end in settlement rather
than victory across a wide range of parameter settings.”* Furthermore, the effects of
deviations in initial beliefs and the amount of learning during battle and negotiations
coincide with expectations regarding the convergence of beliefs during wartime.”

Figure 2 illustrates the results of these parameter changes (x-axis) on the ratio of victories
to simulations (y-axis).”® The figure shows that most of the simulations end in settlement.”’
There appears to be little association between the maximum possible starting capability of
states and the ratio of simulations that end in victory. As the range of possible initial beliefs
increases, so does the percentage of runs ending in victory. The more divergent beliefs, the
longer belief convergence takes, which allows more opportunity for victory to take place in
the interim.”® As the acceptance threshold increases the range of acceptable settlement offers

73 By using the term ‘experiment’, we are not suggesting that the model in any way provides an
empirical ‘test’ similar to a laboratory or field experiment. Rather, we begin with a baseline condition
similar to a control group and then incrementally change parameters in such a way that we can compare
each successive condition against the baseline. While this is not the same as a randomized experiment,
because we can compare against a baseline or control condition, using the term ‘experiment’ is useful.

74 Fearon, ‘Rationalist Explanations for War’; Erik Gartzke, ‘War is in the Error Term’, International
Organization, 53 (2003), 567-87.

75 Slantchev, ‘The Principle of Convergence in Wartime Negotiations’.

76 Although there are five graphs with five points on the x-axis, the midpoint across all of the graphs
represents the same experiment in which all parameters are set at their midpoints. It follows that each of
the additional four points on the x-axis represents a new experiment (where all other key parameters are
held constant at their midpoints), for a total of 21 experiments. (Given that the mid-point of each figure
represents the same experiment, the total number of experiments amounts to 21 rather than 25.)

77 Fearon, ‘Rationalist Explanations for War’; Gartzke, ‘War is in the Error Term’.

8 Slantchev, ‘The Principle of Convergence in Wartime Negotiations’.



TABLE 2 Values for Parameter Sweeps
Parameter Notation Low Medium-Low Medium Medium-High High
Maximum capability 0 100 200 300 400 500
Belief deviation 1 0.1 0.3 0.5 0.7 0.9
Acceptance threshold € 0.001 0.003 0.005 0.007 0.009
Negotiation updating X 0.1 0.3 0.5 0.7 0.9
Battle updating ) 0.1 0.3 0.5 0.7 0.9
Maximum probability of fragmentation A 0.1 0.3 0.5 0.7 0.9
Difference in fragmented agent’s beliefs 4 0.1 0.3 0. 0.7 0.9
Settlement rule NA Two strongest  Majority in each  All agents must

must agree coalition must agree

agree

Notes: The parameters listed in italics are the parameters that are varied in the Baseline experiments. All other parameters are varied in the
experiments after the probability for fragmentation is added.

68
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Fig. 2. Baseline model outcome plots
Notes: The labels along the x-axis represent parameter values in the experiments. For each graph, all other
baseline parameters are set at their middle values.

increases and thus the percentage of victories decreases. The amount of updating during
battles and negotiations also has an impact on the percentage of victories in the experiments.
As the amount an agent can update beliefs during negotiation increases, the percentage of
victories decreases, which is also consistent with the notion of convergence: the more agents
learn about their opponent, the quicker beliefs converge and settlement takes place.” There
also appears to be a slight negative relationship between battle updating and victories,
although not nearly as strong as with negotiation updating.

Figure 3 illustrates changes in average duration for runs ending in victory or settlement.*
Two of the parameters, maximum initial capability and initial belief differences, increase the
duration of all simulations regardless of outcome. Higher initial capabilities increase the
duration of victories, as it takes more battles to deplete the capability of an agent completely.
Similarly, larger belief deviations, holding capability size constant, increase the duration of
simulations ending in both settlement and victory.

As the acceptance threshold increases, there appears to be no relationship to the duration
until settlement. The parameters determining the amount learned during negotiations and
battles generally fit our expectations regarding the convergence of beliefs. As the amount
learned increases, beliefs should converge in a shorter span of time, and settlements be

7 See Slantchev, ‘The Principle of Convergence in Wartime Negotiations’.

80 The small number of victories in certain parameter combinations means that the duration findings
are sensitive to a small number of simulations. In subsequent discussion, we exercise caution when
interpreting findings on the duration of victories, especially when the number of victories is small.
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Fig. 3. Baseline model duration plots — changes in average duration for runs ending in victory or settlement
Notes: The labels along the x-axis represent parameter values in the experiments. The y-axis on the left is
for simulations ending in settlement, as indicated by the solid lines. The y-axis on the right is for
simulations ending in victory, as indicated by the dashed lines. For each graph, all other baseline
parameters are set at their middle values.

reached sooner. Indeed, as the amount learned during negotiation increases, settlements
and victories occur more quickly in all but the 0.1-0.3 range. Increasing amounts of battle
updating also decrease the duration of simulations ending in victory. The duration of
simulations ending in settlement is decreasing only in the range 0.5-0.9, which runs contrary
to the expectation that any increase at all in the updating of beliefs will lead to shorter
durations of simulations ending in either settlement or victory.

Model with Fragmentation

We now add the possibility of fragmentation to the baseline by including another ‘phase’ in
between negotiations and battles (see Figure 1). If negotiations fail, agents can be ‘selected’
based on their fitness to undergo fragmentation into two derivative actors, where weaker
actors are more likely to fragment than stronger actors. The logic underlying fragmentation
is that various forces can cause actors to split. Often this occurs when combatants reach an
internal impasse about whether to continue fighting or to negotiate a peace agreement.
Whereas combatants would be stronger if they remained together, which would be more
optimal from the perspective of fighting, internal bargaining breakdowns nonetheless occur
and combatants fall apart. Fragmentation increases the overall number of agents involved
in the war by one, but with two caveats: (1) only one agent can fragment in each phase
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(even though most of the time agents do not fragment); and (2) the total number of agents
cannot exceed ten at any given time.®'

Fragmentation. Agents are selected for fragmentation based on their fitness with respect
to other agents. Fitness is determined based on the ratio of an agent’s losses to the
number of battles fought, such that the probability of fragmentation for agent i (hereafter
A;) 1s represented by:
# losses;
"7 #battles; X

(@)

where / represents the maximum probability that an agent will fragment. An agent that
has never participated in battle has a 4; = 0, meaning that it cannot fragment. The greater
the proportion of losses, the more likely an actor will fragment, if selected. In Liberia in
1989-90, for example, government forces faced extremely strong resistance from Charles
Taylor and the National Patriotic Front of Liberia (NPFL) and the government very
quickly lost much of Liberia. Almost immediately, Liberian government forces fragmented
into a number of armed bandit organizations that were loosely referred to as the Armed
Forces of Liberia.®*> Once /; is determined, i fragments only when a random draw from a
uniform distribution, u,€[0,1], is less than the fragmentation parameter (i.e., 4; > u;).
After fragmentation takes place, more than two agents can be involved in the dispute
over II simultaneously. We organize agents into one of two coalitions, where a coalition
may be comprised of one or more agents. Following fragmentation, the new agent remains
in the same coalition as the original, fragmented agent, but these two agents are
subsequently treated as two separate agents. The previous agent retains its battle history,
which is used in subsequent rounds to determine fragmentation, as in Equation 2. While
groups that split might end up fighting each other, such as with the SLM in Sudan, most
groups continue to co-operate with each other against their previous enemy following
fragmentation. The many additional fragmentations that occurred following the Darfur
peace agreement, in which new combatants co-operated with others from whom they just
fragmented,®® better represent fragmentation dynamics in most civil wars.®*

81 This limit of ten is chosen to simplify the number of agents, such that the analysis of the simulation
and resulting plots will be easier to interpret. In the sensitivity analyses reported in the Appendix, we
change the maximum number to 15 and 21 and find that the results are qualitatively similar to those
reported in the article.

82 Uppsala Conflict Database, 2008.

8 Uppsala Conflict Database, 2008.

84 Like most evolutionary models, we allow mutation with a very small probability. We include
mutation to allow the possibility that the strongest agents do not immediately defeat all other agents. Like
many wars, as certain combatants become stronger, they can also lose their ability to adapt and can suffer
setbacks. In the model, mutation alters one agent’s beliefs, typically one of the strongest, about another
agent such that the belief becomes less accurate on average. A mutation parameter w represents the
probability that a randomly selected agent will undergo mutation. A new random draw is made
(u,,€[0,1]), and if it is less than the probability of an agent mutating (i.e., if u <s), then the selected agent
(assume m1) undergoes mutation in which one of agent m’s 8’s is changed. After randomly determining the
other agent, a target, another random draw (u,€[0,1]) is used to change the mutating agent’s 8 in regards
to agent target such that

ﬁm,mrget = ﬁnntm‘get + ((ﬁm,tal’get X l,b) X (1_(2 X M[))), (3)

where ¢ represents the maximum possible percentage change in agent m’s 8 parameter in regards to the
target agent.
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New capabilities and beliefs are generated for the newly created agent, as well as the
agent that underwent fragmentation. We assume that the newly formed agent, £, and the
existing agent, i, both possess a portion of the composite parent’s capability. We randomly
draw a number (u.), which determines each agent’s capability share: k;=u.X k; and
kr=(1—u,) X . We generate new beliefs, « and B, for the new agent identical to the
procedure in the initialization phase, with the exception that £, represents the maximum
percentage the new belief differs from the original:*’

By = ki + (ki x ) x (1=(2 x u))). “4)

As an example of how fragmentation dynamics may split weaker actors, and thus create
loose coalitions, consider the war in Chad, which began shortly after independence from
France in 1960. People in the Northern region organized in the mid-1960s and eventually
formed the Chad Liberation Front (Frolinat). But the roster of combatants was not limited
to Frolinat and the Chadian government. Between 1971 and 1973, Frolinat fractured into a
number of separate groups. Arnold suggests that ‘it was part of the nature of Frolinat to
splinter into rival factions’.*® According to Brogan, Frolinat itself was ‘a loose coalition of

exiled and rebel groups’, which ‘had two armies in the field: the Forces Armées du Nord
(FAN) and the First Liberation Army’.*’

Negotiations and battles after fragmentation. We now extend the belief framework to
allow more than two agents to form beliefs about their capability ratio relative to a// other
agents. The belief of one agent, f, regarding the ratio of its capability in relation to
another agent, j, is still formed by p,; = oy,/(es; + B,). f now has a pairwise belief
about each of the other agents, however. For example, if two other agents, i and j, exist,
then there are now two separate beliefs: p,; = oy; / (i + X)) and p,; =
OCfJ/(O(fJ + X fi;) that are weighted by summing together each of f’s Bs towards all
other agents in the denominator. Each agent thus forms an overall belief of its capability
ratio, p,, in relation to all other agents with the following equation:
S Xy

pr = n—1" ®)

During negotiations, the strongest agent, assume i, offers all the other agents a split of
IT equal to i’s beliefs about every other agent’s share of the distribution of capabilitics
(Pijs Piks ---»Pin)- The offerer uses its belief about other agents and its known capability
about itself to estimate the capability of each of the other agents (k). For example,
i estimates j’s capability with: k; = (k; / p;j)—xi. The agent making the offer then calculates
the portion of Il by finding a proposed capability ratio for the other agent, such that for
agent j above, m; = K; / X k. An agent accepts or rejects the offer by comparing the offer
to its belief about its own share of the overall capability distribution, p,. It is possible
that only some of the agents accept the offer, which requires considering settlement rules.
We consider three: the strongest agent in each coalition must accept the offer for the

85 In the sensitivity analysis, we consider the case in which the new agents’ beliefs (i.e., how much they
deviate from the true capability ratios) are derived from the parent’s beliefs. When doing so, the results
are broadly similar as the probability of fragmentation increases, but less conclusive when one considers
the effect of increasing the deviation of beliefs from the parent’s. See Figures 21 and 22 of the Appendix.

8 Guy Arnold, Wars in the Third World since 1945, 2nd edn (London: Cassell, 1995), p. 194.

87 Patrick Brogan, World Conflicts: A Comprehensive Guide to World Strife since 1945 (Lanham, Md.:
Scarecrow, 1998), p. 37.
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simulation to end in settlement; a majority of agents in each coalition must accept the
offer for a settlement to occur; and all of the agents in each of the coalitions must accept.
In the results section, we only report the results for the last settlement rule in which all
agents in each coalition accept their respective offers and are thus all-inclusive.®

During the battle phase, agents fight pairwise battles against agents from the other
coalition.®® One agent from each coalition is randomly selected from its respective
coalition to participate in the battle. They fight the battle and update their beliefs as in the
baseline model. For example, if agents i and j are selected from the opposing coalitions to
battle, and i wins (based on the comparison of the distribution of capabilities to a random
draw), then agent i adds one to its capability (x;) while agent j subtracts one from its
capability (Kj).90 Once an agent fights a battle on behalf of its coalition, it does not fight
another battle during that battle phase; furthermore, only one battle takes place in each
battle phase. If all of the agents in a coalition are defeated, then the other coalition wins
and divides IT amongst themselves according to their capabilities. But, if at least one agent
from each coalition survives, then the agents return to the cycle of negotiations, possible
fragmentation, and battles until either settlement or victory.

Results with fragmentation. We now turn to an examination of the experiments that include
the possibility of agent fragmentation. We vary the maximum probability of fragmentation
(4) to understand how the results change for different acceptance thresholds and maximum
capability levels.”! We then varied the maximum percentage ({) that a fragmented agent’s
belief parameter B may vary. These parameters vary as listed in Table 2.7

We present the results with the settlement rule requiring all agents to accept (hereafter
referred to as ‘consensus’); we note when there is inconsistency between these results
and other settlement rules.”> We begin by exploring the differences among runs with

8 Stedman, ‘Spoiler Problems in Peace Processes’.

8 One alternative would be to allow both coalitions to fight battles with each other, but this does not
match empirical cases very well. In the Democratic Republic of the Congo, for example, fighting often took
place on multiple fronts with limited engagement of different groups. Furthermore, this alternative requires
strong assumptions about actors’ abilities to update beliefs in extremely complicated circumstances. We
nonetheless modelled this possibility and report the results in the Appendix (Figures 15 and 16). Overall, the
results are qualitatively similar to those that we find here.

% We constructed an alternative model in which all agents can observe battles (but not necessarily
participate) and still update their beliefs about the battling agents. The results of the model presented in
Figures 4 and 5 of this article are similar to the results in this alternative specification (see Appendix,
Figures 7 and 8).

°l In the Appendix, we consider how the other baseline results (belief deviation, negotiation updating
and battle updating) change, once fragmentation is introduced.

92 Each of the new parameters is set at a midpoint, and then varied using a high, medium-high, medium,
medium-low, or low value (see Table 2), resulting in 25 experimental runs. Each of these experiments
consisted of 1,000 runs of the simulation, and the results of 25 experiments appear in Figure 4, and 25 more
experiments appear in Figure 5. We also ran a different set of experiments for each of the baseline runs
where each of the baseline runs varied a single baseline parameter, sweeping each of the parameter ranges,
for a final total of 1,134 experiments. Given the large number of experiments conducted, it would be
impossible to do justice to each. An Appendix is available on the Journal website and details the results for
most of the experiments. We also consider a number of additional sensitivity analyses, such as coalition
shifting, coalition battling, increasing the maximum number of agents, among others, which we report in the
Appendix.

%3 We do this for a number of reasons. First, it seems unlikely that a war will end with a single member
of each coalition agreeing to negotiated terms, without regard for the number and relative strength of
other agents. The conflict in Darfur continues despite the agreement of the government and one of the
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fragmentation and then compare the new results with the baseline results (see above). To
summarize, there are three key results that emerge from our analysis: (1) incorporating
fragmentation and belief differences changes the results compared to the baseline
substantially; (2) as the probability of fragmentation increases, the duration of runs
ending in settlement decreases; and (3) the more that beliefs vary following fragmentation,
the longer the duration until both settlement and victory, where the results for settlements
are more conclusive than for victories.

The most striking results of our analysis are due to fragmentation. Figure 4 illustrates
these findings across low and high values for the acceptance threshold and low and high
values of the maximum initial capability. One of the key results in these figures is that,
as the maximum probability of fragmentation increases, the duration of simulations ending
in settlement decreases. The relationship between the maximum probability of fragmentation
and victory is similar to settlements, but we note that the relationship is less consistent due to
the small number of victories.

One might expect that as fragmentation increases, a negotiated agreement becomes more
difficult due to the fluid negotiation context and because the number of viewpoints that must

(F'note continued)

SLM factions in the May 2006 peace agreement, for example. Secondly, as one might expect, settlements
occur relatively quickly under settlement rules requiring the strongest of each coalition and a majority of
each coalition to agree for settlement to take place, because fewer agents must agree to a settlement under
these settlement rules.
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be considered increases. Cunningham, for instance, argues that civil war duration increases
as more actors are involved.”* But there is arguably an important difference between a
context in which multiple combatants exist and a process of fragmentation that occurs
because of the context of the war and that, in turn, has important feedback effects on the
war. An examination of individual simulation runs in our model indicates that a number of
wars end in settlement immediately or soon after fragmentation takes place, because sudden
changes to the actors create incentives for co-operation. Examples, such as the Democratic
Republic of the Congo, demonstrate that parties fragmented numerous times in the
late 1990s arguably resulting in new configurations of actors more conducive to joint
co-operation, following which peace agreements were signed in 1999 and 2001. In the late
1990s in Egypt, a major split in the opposition also led to a cessation of violence shortly
thereafter. In Bangladesh, to add another example, in the late 1980s, many splinter factions
accepted general amnesties offered by the government and ceased fighting.”’

Empirically, it appears that in many cases, groups fragment because some members of the
group believe they can obtain more by fighting, whereas others believe they need to reach a
settlement. Once fragmentation occurs, members of the original faction can press forward
with the peace process, and members of the newly fragmented group become too small to
affect the peace process. During the Good Friday peace process in Northern Ireland, the
Loyalist Volunteer Force (LVF) split from the Ulster Volunteer Force (UVF) over an
internal dispute about whether to co-operate with the peace process. The UVF wanted to
co-operate and indeed more fully co-operated once the LVF left.

In a number of civil wars, furthermore, including the recent wars in Sudan, Chad,
Djibouti and India, increased intergroup co-operation followed fragmentation. In Djibouti
and one of the Indian conflicts, for example, splits occurred because the stronger party
following fragmentation co-operated, and weaker splinter groups eventually realized that
they could not gain enough support to win. That fragmentation could result in negotiated
settlement also fits with a dynamic identified by Crenshaw in the context of terrorism.”® She
contends that if groups split, those continuing to fight might lose support much quicker
resulting in a quicker resolution to the conflict.

The amount that a newly fragmented agent’s beliefs differ from the true capability ratio
also leads to relatively consistent results, as illustrated in Figure 5. First, as the maximum
variation in the beliefs of newly fragmented agents increases, the duration of each run
ending in settlement increases. This is consistent with Ward’s finding that as expectations
about resource distributions diverge, settlements become more difficult to reach in a timely
manner.”” The relationship between belief difference and duration until victory is also
generally increasing, but again less consistently due to the small number of victories.

What do we make of the results across Figures 4 and 57 An increase in the probability of
fragmentation decreases the duration of simulations ending in settlement, but an increase in
the amount that a newly fragmented agent’s beliefs deviate increases the duration of
simulations ending in settlement. Fragmentation often results in new beliefs that are
conducive to settlement. But when beliefs deviate substantially from the true ratios, even a
few agents with extreme beliefs can prevent an agreement from occurring because their

% Cunningham, ‘Veto Players and Civil War Duration’.

95 Uppsala Conflict Database, 2008.

% Martha Crenshaw, ‘How Terrorism Ends’, U.S. Institute of Peace Special Report (Washington, D.C.:
U.S. Institute of Peace, 1999).

7 Ward, ‘A Behavioural Model of Bargaining’, p. 217.
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beliefs will take a long time to converge.”® This may account for the fragmentation of agents
in civil wars producing such varied effects.

Intuition suggests that more complex wars will last longer and will be more difficult to end
with settlement. Our model suggests that this is not necessarily the case. One might expect
that settlement between parties would be more difficult when the number of parties is
allowed to vary through a mechanism such as fragmentation. In many cases, however, we
find that settlements occur more quickly when the possibility exists for the set of combatants
to grow through fragmentation. Furthermore, victories tend to occur more quickly when the
war is more complex, as well, perhaps, reflecting a divide and conquer dynamic. These results
collectively suggest that paying closer attention to complexity in civil wars is important.

Little attention has been devoted to processes of change, such as fragmentation, in the civil
war literature, but our results have implications for the application of theoretical models to
empirical cases. Powell argues that ‘informational explanations and the models underlying
them ... often provide a poor account of prolonged conflict, and they give a bizarre reading
of the history of some cases’.”” Our modelling results show variation in the duration of wars;
they suggest that fragmentation and the variable beliefs of actors offer insight into how long
wars last as well as how they end. We contend that further work along these lines
will provide a more accurate representation and better predictions about the process of war
in contexts as diverse as the Democratic Republic of the Congo, Chechnya, Liberia,

%8 Slantchev, ‘The Principle of Convergence in Wartime Negotiations’.
% Powell, ‘War as a Commitment Problem’, p. 170.
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El Salvador, Rwanda and India, all of which experienced fragmentation of actors. Indeed,
our initial empirical inquiry reported in the introduction suggests that fragmentation often
immediately precedes civil war termination.

CONCLUSION

In diverse contexts throughout the world, wars are complex phenomena. Whereas most
formal models address the information scarcity and commitment problems facing
combatants, we examine a third factor — fragmentation. We began by creating a
computational model drawing on the assumptions and structures posited in the literature
on bargaining during war, but supplementing them with key assumptions in the agent-
based modelling literature. We found that we could recover behaviour broadly similar to
existing models, suggesting that our model is specified reasonably. For example, the
baseline model with incomplete information suggests that increasing the potential
difference between an agent’s beliefs and the ‘true’ values of capabilities decreases the
number of negotiated settlements relative to victories and increases the duration of wars
ending in either negotiated settlement or victory.'®

We then extended the basic model by allowing for the fragmentation of actors. Some of
the results of allowing fragmentation are intuitive; other results are unexpected. Our
purpose is not to argue that complicated models create complicated dynamics. In fact, our
results suggest the opposite: the duration and outcome of wars are not necessarily more
complex when fragmentation occurs. Most notably, incorporating fragmentation does
not somehow automatically increase the duration of wars and does not mean that such
wars will always end in victory. In many circumstances, fragmentation led to shorter wars
ending in negotiated settlement, a result that does not square well with the civil war
literature on spoiling and extremist behaviour. It appears that this occurs because, when
actors fragment, new actors are not necessarily more committed to war. In fact, actors
might fragment and new actors might form, precisely because factions desire to settle
the war more quickly. Alternatively, when actors fragment, the result is that it becomes
difficult for any one party to defeat all of the other parties. Under these circumstances,
otherwise unco-operative factions realize that negotiating an agreement might be the only
way out of a long and protracted war. Another key result emerging from the analysis is
that as the beliefs of actors about capability distribution diverge following fragmentation,
the duration until settlement increases, a finding consistent with other research
incorporating boundedly rational agents.'"!

Our argument and analysis indicate that fundamental processes of change are inadequately
addressed in current studies of civil war dynamics and outcomes. In this article, we primarily
address theoretical concerns, although we included a number of anecdotal examples to
demonstrate the plausibility of the model’s assumptions and results. The model clearly could
be extended in multiple ways in the future, such as including multiple issues or issue
indivisibility. Or the idea of fragmentation could be extended to other contexts such as
changes in groups that use terrorism. But given that fragmentation had strong effects in this
initial computational model, and because fragmentation occurs in almost half of all civil wars,
both scholars and policy makers would benefit from better understanding its role.

100 gee Fearon, ‘Rationalist Explanations for War’; Slantchev, ‘The Principle of Convergence in
Wartime Negotiations’.
' 'Ward, ‘A Behavioural Model of Bargaining’.



