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Abstract 

  Civil conflicts are frequently accompanied by significant political dynamics of the 
state integration and disintegration.  Despite a substantial methodological 
advancement in the conflict literature during the past decade, the serious attempt 

to incorporate this aspect of conflict into analysis has been mostly lacking.  In this 
paper, we present a multi-agent simulation (MAS) model of civil conflict that has 
distinctive focus on territorial integration and disintegration of the sovereign state.  

The model simulates diverse spatial dynamics of the state territorial rule caused by 
armed conflicts.  We apply this model to a case of Somalia: a country that has 
experienced a drastic process of disintegration and reconstruction for more than two 

decades.  The model is shown to capture several defining characteristics of this 
process including the strong tendency of the country to fragment.  Through 
extensive simulations in a wide range of settings, we seek an explanation for this 

tendency.  Several policy implications for the future of Somalia are also derived. 
 
1. Introduction 

  For the past decade, the research on civil conflicts has undergone a substantial 
development with the aid of various computational methods and tools.  As the term 
‘disaggregation’ of conflict succinctly captures (Cederman and Gleditsch 2009), 

temporarily and spatially fine-grained datasets are now widely available, 
stimulating the flourishing endeavor of detailed empirical analyses of civil conflicts 
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(Cunningham and Weidmann 2010; Donnay and Filimonov 2014; Østby Nordås and 
Rød 2009; Schutte and Donnay 2014; Weidmann, Rød, and Cederman 2010).  
Modeling technique and its application have shown considerable advancement and 

sophistication as well.  Owing to computational tools such as multi-agent 
simulation (MAS), researchers are now able to model armed conflict in a more 
spatially and temporarily explicit manner (Cederman 1997, 2008; Weidmann 2006; 

Weidmann, Hegre, and Raleigh 2006).  Moreover, the wide availability of 
geo-referenced datasets such as the point distribution of conflict events (e.g., 
Raleigh et al. 2010) enables these researchers to seek the empirical validation of 

their models more rigorously (Bhavnani and Choi 2012; Bhavnani et al. 2014; Lim, 
Metzler and Bar-Yam 2007; Weidmann and Sulayen 2013). 
  There is, however, one missing element in this otherwise promising development: 

understanding the process of integration and disintegration of political entities, 
which much often accompanies the process of armed conflict itself.  Armed conflict, 
in other words, is not simply a collection of discrete violent clashes.  To most 

students of political science and international relations, these violent events are 
relevant and important because they reflect and/or drive a varying degree of 
changes––formation, consolidation, unification, disintegration, collapse etc.–– in 

the basic political entities such as the state and a nation.  In the recent conflict 
literature mentioned above, however, these significant aspects have been largely 
treated as given (like political division between Sunnis and Shias) or simply 

overlooked in the often-excessive focus on conflict dynamics per se. 
  This paper purports to fill this gap by offering an alternative MAS model.  The 
model simulates diverse spatial dynamics of integration and disintegration of the 

state territorial rule caused by armed conflicts.  Thus, the model is not simply 
about armed conflicts; it is more about the sovereign states where these conflicts 
take place. 

  This model has been shown to reproduce various spatial dynamics of territorial 
rule actually observed in several African countries (see Sakamoto 2013a; 2013b).  
Here, the analysis is more focused as well as more intensive: applying the model to 

a single case of Somalia.  In Somalia, more than 20 years of civil conflict among 
countless armed factions led to the total disappearance of effective governance over 
the whole territory, rendering the country a near-perfect example of ‘collapsed 
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states’ (Rotberg 2004; Zartman 1995).  During the same period, the country has 
also seen emergence of several state-like entities such as Somaliland and Puntland 
especially in the northern part, offering intriguing examples of ‘a fresh start’ after 

the collapse (Doornbos 2006), ‘states-within-states’ (Kingston and Spears 2004), 
‘unrecognized states’ (Caspersen and Stansfield 2010; Caspersen 2012) and so on.  
This intricate process of political entity formation and collapse is the main focus in 

the following analysis.  More specifically, we try to generate the similar process in 
‘virtual Somalia’ constructed in computer through the combined use of the MAS 
model and empirical data on Somalia.  Extensive simulations including those with 

hypothetical settings will be conducted along the way.  Several policy implications 
for the future of the country will also be derived. 
 

 

2. The Model1 

  The detailed description of the MAS model (Virtual State Model) was given 

elsewhere (Sakamoto 2013b)2.  Here, its essential aspects are briefly summarized 
based on the formal structure of the model shown in Table 1.  The overall flow of 
the simulation is displayed in Figure 1. 
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The model represents political and military competition between the central 

government and insurgent organizations over the exclusive rule of the state 

territory.  This territory, which is modeled by two-dimensional gridded space, 
hosts numerous human residents with diverse socio-cultural traits (ethnicity, 
religion, region, etc.)  At the start, the whole of the territory along with its 

inhabitants is under the rule of the central government, whereas plenty of latent 
insurgent organizations are trying to infiltrate the rule of the government from 
various locations on the territory.  Each insurgent organization seeks support and 

loyalty from the local population, and, if these are available, mobilizes material 
resources necessary for the fight against the government as well as other competing 
insurgents.  The government does more or less the same things in order to 

maintain its dominance.   The inhabitants, on their side, respond differently to 
these calls, switching their loyalties among the competing organizations in their 
localities.  These mostly local interactions determine the ensuing dynamics of 

territorial integration and disintegration in the state concerned. 
  In order to formalize this setting, the model introduces two sets of agents: 
PopCells and Rulers (see Table 1).  A PopCell represents a tract of the state 

territory along with the inhabitants living on it.  In the following simulations, the 
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territorial space is gridded so that each PopCell has a size of 15 arc minutes 
(approximately 28km at the equator) both in length (latitude) and width (longitude).  
A PopCell is characterized by socio-cultural traits (Traits) of its inhabitants over 

several dimensions (ethnicity, religion, region) as well as the amount of material 
resources (Resources) it can offer.  Here, the latter is crudely defined by the 
population of inhabitants on the cell and per-capita GNI of the country at large. 

  At each time step, each PopCell is governed by one of the competing Ruler agents.  
Rulers represent both the central government and insurgents.  In the model, the 
government is simply the Ruler that holds the capital city of the state at a given 

time step.  Otherwise, all the Rulers function in the exactly same manner: 
mobilizing Resources from PopCells under its rule, and deploying them for armed 
struggles against the surrounding Rulers.  Along with the variables that control 

the resource mobilization (Mobilization Level and External Resources), Traits 
variable differentiates Ruler agents.  This variable specifies a Ruler’s political 
stance as defined by its inclination towards socio-cultural traits of inhabitants (e.g., 

ethnically committed to Somali, religiously committed to Islam, etc.).  It can also 
take a ‘neutral’ value (denoted as ‘**’ below) in each dimension of traits (see 
Cederman 1997, chap.8).  Thus, a Ruler might be indifferent to any ethnicity 

(religion, region…) rather than committed to a particular group of people. 
  Lastly, the defining aspect of the model is the stochastic rule that updates 
relationships between these two agents.  Simply put, a PopCell is likely to be 

under the rule of a Ruler that can deploy more resources around the cell as well as 
is more inclined towards its inhabitants than any other Rulers.  In other words, a 
militarily competent and politically legitimate Ruler in a given locality tends to 

dominate in that locality.  Starting from the initial condition where a single Ruler 
(Initial Government) governs all of the PopCells, iterative application of this simple 
and plausible interaction rule can drive macro-dynamics of the territorial rule in a 

virtual state in quite diverse directions (see Figure 1). 
 
3. The Case 

  Somalia has experienced a drastic process of state disintegration and 
reconstruction for more than two decades.  This process directly flows from the 
civil war that began in the 1980s.  Then the country was governed by the regime of 
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Siad Barre.  Almost 20 years after the coup d’état that brought him to power, the 
political support base for the regime was reduced to a narrow circle of the 
President’s cronies formed around his own Marehan clan.  Like the preceding 

regimes, his regime was largely southern-based in its regional inclination, 
alienating sizable population in the northern part of the country. 
  The fate of the regime and its lasting impact are well documented (Brons 2001; 

Lewis 2002; Somalia CEWERU 2013).  Starting from the insurgent activities in 
the northwest and the northeast in the early 1980s, the regime’s control over the 
whole territory deteriorated rapidly toward the end of the decade, leading to the 

complete collapse of the state authority in the 1990s.  Incessant armed struggles 
among multiple factions ensued in the south, while a dozen of peace conferences 
failed to produce any lasting result.  In the past decade, the Islamic Court Union, 

then far more militant Al-Shabaab, emerged, temporarily enjoying extensive 
territorial control over a large swath of the southern Somalia (Hansen 2013).  
Currently, Mogadishu and its environs are more or less controlled by an 

UN-supported government, which is moderately nationalistic and moderately 
Islamic.  Yet, its presence on the ground is hardly felt over a large portion of the 
territory even with the massive support of the African Union (AU) peacekeepers. 

  Meanwhile, a rather contrasting development has been observed in the northern 
part of the country (Bradbury 2008; Höhne 2009; Renders 2012).  In the northwest, 
self-declared Somaliland (since 1991) established itself after the rebellion there 

effectively wiped out the forces of Siad Barre in the early 1990s.  Since then, this 
‘unrecognized state’ has successfully held several reconciliation conferences as well 
as largely peaceful elections, consolidating its unity and peace even without the 

much-needed international recognition as an sovereign state.  Similarly, an 
autonomous state of Puntland, which was formed in 1998, has retained its control 
over the northeastern part of Somalia3.  As the lingering conflict in the eastern 

fringe of Somaliland (e.g., Sool and Sanaag regions) attests, neither of these 
political entities fully enjoys territorial integrity in their respective domains.  Both, 
however, have shown a certain degree of achievement, given the otherwise 

disorderly political landscape that has governed Somalia to this day. 
 
4. The Data 
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  The MAS model introduced above is able to simulate complex dynamics of state 
integration and disintegration like that observed in Somalia in a sufficiently 
realistic setting.  This will, in turn, offer a deeper understanding of the underlying 

political process in civil conflict in an empirically relevant manner.  For this 
purpose, a variety of empirical data on the country concerned are necessary.  Table 
2 shows the list of input data for the model (see Sakamoto 2013b for further details). 

 

 

  Among the different spatial and non-spatial datasets listed in the Table, those on 
population count (CIESIN et al. 2004) and GNI per capita (World Bank 2005) are 
employed to compute values for Resources variables of PopCell agents in a virtual 

state.  The estimated demographic distribution in Somalia in 1990 is depicted in 
Figure 2.   GNI per capita in the same year, $120.009, is used in the following 
simulations.  Regarding Traits of PopCells, the geo-referenced data on three 

distinct kinds of human grouping––ethnicity, religion, and region (based on the 
colonial boundaries)––are utilized given the political relevance of these traits for 
the case considered here.  The spatial configurations of the three different 

categories of traits in Somalia are illustrated in Figure 3.  Reflecting the 
much-emphasized political importance of the segmentary lineage structure of the 
Somali people (Lewis 1982), the data on ethnic groups in Somalia embraces the 

tree-like structure composed of clan-families, clans, sub-clans, and so on.  Thus, 
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Traits of a PopCell can take a structured value like ‘Somali-Darod-Marehan’ or 
‘Somali-Hawiye-Abgaal’ rather than simply ‘Somali’4.  The spatial information is 
taken from the paper map produced by an anthropologist I. W. Lewis in the 1950s 

(Lewis 1998): admittedly outdated but still outstanding sources on Somali lineage 
groups and their geographic distribution. 

 

 
The yellow to red gradation displays different sizes of local 
population on each cell as measured by its logged population count. 

 

  As is mentioned above, the simulation starts from the situation in which a single 
Ruler––Initial Government––governs the whole territory.  The Traits of this Ruler 
is given a value that is derived from empirical properties of the actual government 

to be simulated.  For example, in the case of Siad Barre regime described above, its 
defining characteristics can be captured by Traits ‘Somali-Darod-Marehan, **, 
South,’ which state ‘ethnically committed to Somali-Darod-Marehan; religiously 

indifferent; and regionally committed to the south (i.e., alienating Somalilanders in 
the north).’  Traits of other Rulers––insurgent Rulers––are randomly generated.  
Reflecting the added structural complexity in the Traits of PopCell agents, a Ruler 

may also have somewhat complicated Traits in its ethnicity dimension, for instance, 
‘Somali-Darod-**’ (committed to Darod clan family, but indifferent to any clan that 
belongs to this clan family) and ‘Somali-**-**’ (committed to Somali as a whole, but 

indifferent to any clan family) 
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Each of colored polygons in each map describes the spatial spread of a population group with a 
specific trait.  In the ethnicity category, different colors correspond to different clan families. 

 
5. Simulations and Results 

  In ‘virtual Somalia,’ which was constructed from these different sources of 
empirical data, the MAS model was repeatedly run while systematically changing 
its parameters and variables.  The results, first of all, confirm the strong tendency 

of this virtual state to disintegrate. 
 
Reproducing Historical Dynamics 
  This section reports about simulations in the setting that approximates Somalia 
in the late 1980s: just like Siad Barre regime in actual Somalia, the Traits of Initial 
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Government are set to be ‘Somali-Darod-Marehan, **, South.’  In what follows, 
unless otherwise stated, various parameters are given the values that are specified 
in Table 3. 

 

 
  Figures 4 and 5 visually capture the said tendency to disintegrate.  In both, 

External Resources, which controls the amount of material resources exogenously 
given to the Initial Government in each time step, is set to be zero.  The former 
figure displays snapshots of territorial rule in different simulation runs after 

sufficient time has elapsed (at 1000 steps).  PopCells are differently colored 
according to which Ruler each of them is governed by.  The latter figure 
summarizes macro-dynamics of territorial integration and disintegration in virtual 

Somalia in 20 different runs.  Here, the degree of order and disorder in territorial 
rule is measured by Disintegration Index (DI): the amount of entropy that is 
computed from the fractions of territorial areas under control of each Ruler agent5.   

Its value is non-negative, and increases as the territorial rule in a virtual state 
becomes more fragmented.  DI=0 implies the total unity under a single Ruler while 
the equal split of the territory between two Rulers implies DI=1.0.  In the case of 

virtual Somalia, DI mostly remains around 3.0 even after a long period of time has 
passed: a substantially high level of disorder.  Moreover, in all of the runs, Initial 
Government has lost all of the PopCells to other competitors, entirely disappearing 

from the scene.  Thus, not unlike Siad Barre regime in history, near-hopeless 
prospects are waiting for Initial Government as well as the country at large. 
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Each PopCell is colored according to the Ruler that it belongs to. Each 
snapshot was taken at 1000 time step.  The simulation parameters are as 
specified in Table 3.  ExternalResources of InitialGovernment is set to 0.0. 

 
The territorial dynamics in virtual Somalia in 20 simulation runs are 
represented by 20 different time-series of Disintegration Index (DI) during 
1000 time steps.  The simulation setting is exactly the same as in Figure 4. 

 

 

  More systematic results are shown in Figure 6.  This illustrates how the 
long-term condition of territorial rule in virtual Somalia is affected by changes in 
External Resources available to Initial Government.  The simulation was run 20 
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times at each value of External Resources (increasing the value from 0 to 4000 at 
the increment of 200), and these 20 runs at each resource level were classified 
according to values of DI after 1000 time steps.  In the figure, more sparsely 

shaded areas indicate more disorderly state of the territorial rule, while the color of 
the shades denotes either occurrence (blue) or non-occurrence (red) of the 
disappearance of Initial Government in the sense mentioned above.  Quick 

inspection of the figure confirms that the observed tendency of the territorial rule to 
fragment in virtual Somalia is actually quite persistent in a wide range of 
parameter values: except with massive infusion of outside resources, Initial 
Government cannot expect to hold the country together in the long run even though 
the regime might somehow survive the ensuing conflict as one of competing military 
factions. 

 

 
Figure 6:  External Resources and Territorial Order in Virtual Somalia 

 
Possible territorial conditions that virtual Somalia can face in the long 
run are summarized by successive histograms of 20 simulation runs.  
Each run is classified according to its DI value at 1000 time step.  The 
vertical axis measures the frequency of each class, while the horizontal 
axis denotes the changing amount of External Resources of Initial 
Government. 

 
  As several annotative labels in the figure suggest, there is a considerable degree 
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of variation in this overall pattern of territorial disintegration, depending on 
simulation runs as well as parameter values.  Here, interesting questions are 
whether and how often one observes the formation of autonomous regional entities–

–just like Somaliland and Puntland in post-Siad Barre Somalia––amidst the 
collapsing authority of the central government.  As Figure 7 illustrates, such 
entities in fact emerged in virtual Somalia, sometimes showing an impressive level 

of unity and persistency in an otherwise chaotic environment.  Yet, from a 
statistical point of view, this scenario is rather a rarity.  More often, these Rulers, 
even if they emerge at all, sooner or later suffer from their own versions of serious 

internal turmoil.  This implies one of the following two: the model, in its current 
formulation, does not capture the reality well, or political entities like Somaliland 
and Puntland have made unlikely things happen. 

 

 
These snapshots, taken at time step 1000, clearly show the emergence of relatively 
stable regional entities in the northern part of country.  The red area in the south 
consists of PopCells under the rule of Initial Government.  The left panel depicts a 
run where External Resources is 400, while the right displays a run where the 
variable is set to be 2000. 

 
  All these results pose one question: why is the tendency towards the fragmented 

territorial rule such prevalent force in virtual Somalia, troubling the government 
and rebels alike?  The often-cited factors (in the context of actual Somalia) such as 
narrow-based ‘clanism’ might have some share in this force (Kapteijns 2012), but 

something more is involved.  Figure 8 illuminates this.  The figure, just like 
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Figure 6, displays successive histograms of 20 simulation runs, which are classified 
according to the long-term territorial condition of each run as measured by DI.  
Unlike the previous figure, the horizontal axis in the current figure denotes a 

change in GNI per capita.  The default empirical value, $120.009, is also indicated 
with the dashed vertical line. 
 

Figure 8:  GNI per capita and Territorial Order in Virtual Somalia 
Possible territorial conditions that virtual Somalia can face in the 
long run are summarized by successive histograms of 20 simulation 
runs.  This time, the horizontal axis denotes the changing amount 
of GNI per capita. 

 
 As is clearly seen from this figure, there are several distinctive phases of long-term 
territorial order, in addition to the high level of disintegration that has been 

dominant so far.  Generally speaking, increasing GNI per capita, which directly 
affects an overall level of PopCells’ Resources, makes the territorial rule in virtual 
Somalia more structured in the long run.  On the other hand, the long-term 

survival of Initial Government remains impossible in a wide range of GNI per 
capita values.  At a moderately high level of PopCells’ Resources, its rule is quickly 
replaced by an alternative Ruler, or it simply disappears amidst the persistent 

territorial division that is formed between the north and the south (see Figure 9).  
If GNI per capita increases still further, there emerges the realistic prospect for 
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Initial Government to maintain the unified rule even without any infusion of 
External Resources. 
 

 
Figure 9: Snapshots of Long-Term Territorial Order in Virtual Somalia 3 
These snapshots, taken at time step 1000, show a more structured 
phase of long-term territorial order in virtual Somalia.  In both runs, 
GNI per capita is set to be $500. 

 

  Such transitions among different territorial orders suggest one explanation for 
the enduring fragmentation of virtual Somalia: the weak resource base, conditioned 
by the low level of income as well as the sparse population distribution, sets a 

serious limit on the prospect for any political organization to sustain its governance 
over a wide area for an extended period of time. 
 

Alternative Futures for Somalia 
  It might be instructive to run the model in more hypothetical settings, since such 
an exercise not only aids understanding of the conflict at hand, but also offers some 

practical insights to policy arguments for the future.  One example can be seen in 
Figure 10.  The top and the bottom graphs in this figure mostly correspond to 
Figure 6 and Figure 8 in the preceding simulations, respectively.  The simulation 

parameters remain the same as before (see Table 3).  The only difference is the 
Traits of Initial Government: this time, the variable is set to be (Somali-**-**, 
Muslim, South) rather than the narrowly based (Somali-Darod-Marehan, **, South).  

In other words, the new central government adopts a somewhat integrative stance 
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of avoiding excessive ‘clanism.’  In stead, it emphasizes the common socio-cultural 
elements––Somali ethnicity and Islam––shared by the most of the population in 
Somalia (but still remains southern-based in its regional inclination).  These 

aspects also roughly characterize the current government in actual Somalia. 

Figure 10: Long-Term Territorial Order under an Alternative Government 
Traits of Initial Government changes to (Somali-**-**, Muslim, South).  The top graph 
is similar to Figure 6, while the bottom one is similar to Figure 8. 
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  The figure tells that the prospect for peace and unity is not so bright under this 
government.  Multi-sided conflicts and the accompanying division of territorial 

rule among multiple factions are still a significant possibility, especially when the 
resource availability from outside (External Resources) or inside (GNI per capita) is 
at a low level.  Thus, even the drastic restructuring of the government orientation 

does not easily compensate the basic resource constraints on sustainable territorial 
rule mentioned above.  On the other hand, there is a notable difference: the 
amount of External Resources or GNI per capita required to evade serious 

disintegration is considerably reduced.   With enough supporting resources, the 
new Initial Government is far more likely to attain the unity of virtual Somalia 
than the Siad-Barre-like regime in the previous simulations. 

  Lastly, Figure 11 summarizes yet another set of simulations.  Here, the 
difference is not only in Traits of Initial Government but also in the territory of 
virtual Somalia itself.  Actually, the simulations were conducted only in its 

northwestern part, that is, Somaliland.  Among the three categories of 
socio-cultural traits, the regional dimension is omitted here because the north-south 
divide in the context of wider Somalia is no longer relevant.  The Traits of Initial 
Government in ‘virtual Somaliland’ is rather integrative (Somali-**-**, **): 
ethnically committed to Somalis and religiously neutral.  Otherwise, the 
simulation conditions including the empirical datasets used are exactly the same. 

  The figure again illuminates the persistent tendency for disintegration even in 
this reduced spatial context (see Figure 12).  The secession from the rest of 
Somalia itself does not assure the lasting peace and unity for virtual Somaliland.  

Rather, substantial infusion of External Resources or drastic improvement in GNI 
per capita is necessary for avoiding the territorial fragmentation in the long run.  
Such a grim prospect can be expected given that the area frequently fails to retain 

its unity as a regional entity in wider virtual Somalia, as is reported above.  The 
notable feature here is that the most frequent and persistent occurrence of conflict 
is observed in the eastern part of virtual Somaliland.  This is instructive because 

the roughly same area (Sool and Sanaag regions) in reality, which has a relatively 
homogeneous population of Harti clan members (Darod clan family), has seen 
occasional uprisings and disturbances since the ‘independence’ of Somaliland in 
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1991 (Höhne 2006; Renders and Terlinden 2010)6. 
 

 
Figure 11:  Long-Term Territorial Order in Virtual Somaliland 
Two graphs illustrate possible long-term territorial conditions in virtual 
Somaliland, which is completely separated from the rest of virtual Somalia. 
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Figure 12:  Snapshots of Long-Term Territorial Order in Virtual Somalia 3 
These snapshots, taken at time step 1000, show typical conditions of 
territorial rule in virtual Somaliland.  The left panel depicts a run where 
External Resources is 0, while the right displays a run where the variable 
is set to be 400. 

 
6. Conclusion 

  In this paper, we presented a MAS model of civil conflict that has distinctive focus 
on territorial integration and disintegration of the sovereign state.  The state 

territorial rule and its dynamics sometimes drive and sometimes reflect the 
spatio-temporal process of armed conflict itself.  Yet, the attempt to seriously 
incorporate these dynamics into analysis has been mostly lacking in the preceding 

models of civil conflict.  Being applied to the case of Somalia, this model was then 
shown to be able to capture various defining aspects of the complex spatial 
dynamics of the actual state fragmentation (e.g., the extensive territorial 

disintegration with the formation of incipient territorial entities in some areas such 
as Somaliland), along with notable discrepancies from what happened in reality 
(e.g., the general lack of sustainability of these territorial entities).  As was 

elaborated elsewhere (Sakamoto 2013b), these defining aspects are broadly 
conditioned by spatial configurations of the state concerned such as population 
distribution and lineage group distribution.  On the other hand, the analysis here 

also suggested the significance of the nationwide resource constraints for the 
near-universal occurrence of fragmentation of political entities.  In the ensuring 
hypothetical simulations, it was shown that these constraints might to some extent 
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(but never completely) be alleviated under more inclusive central government.  
Since the model has open-ended nature in its formulation as well as in its possible 
parameter combinations, there is an obvious possibility that a more certain path to 

peace will be found out by continuing such ‘policy experiments’ in virtual Somalia. 
  Lastly, brief comments on possible improvements are in order.  Firstly, more 
rigorous empirical test of the model is needed.  It is not always easy to collect or 

construct detailed spatio-temporal data on the state territorial division among 
conflicting parties; especially so in countries like Somalia, which has suffered a 
substantial level of the state fragmentation.  Yet, given the increasing availability 

of geo-referenced datasets on civil conflict (e.g., Raleigh et al. 2010) as well as the 
recent trend towards more quantitative validation of MAS models (Bhavnani et al. 
2014; Weidmann and Sulayen 2013), efforts should be made in this direction.  

  Secondly, a more fine-grained and more flexible MAS model is necessary.  For 
example, in its current formulation, the model is not able to differentiate ‘militant’ 
Islam like al-Shabaab from ‘moderate’ Islam because it simply does not have a 

variable or logic to incorporate such a difference.  This can limit the empirical 
applicability of the model.  In other words, the model should be enhanced in its 
representation of the reality. 

  Thirdly, more extensive simulations are fruitful.   Particularly, the ongoing 
conflict in Somalia has attracted countless attempts to influence the course of 
events from outside the country: from a dozen of peace making initiatives to forceful 

military interventions of the neighboring countries such as Ethiopia.  It is thus 
important to assess the impacts of these recurrent external involvements on the 
ensuing dynamics of conflict and territorial rule.  Although the existing model 

specifications such as External Resources of Rulers can partially capture these 
factors, the model can more explicitly incorporate them by variously setting the 
‘boundary condition’ of the virtual state concerned (see Sakamoto 2013a for more 

detail).  Practical insights about a desirable role of external actor might be gained 
from such an extension. 
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Notes 
 
1 The model was constructed and implemented on a general-purpose multi-agent 
simulator artisoc (version 3.0). 
2 The referred article is downloadable at 
http://cdr.c.u-tokyo.ac.jp/Quarterly/Vol8_Sakamoto.pdf. 
3 Unlike Somaliland, Puntland does not officially seek the status of an independent 
sovereign state. 
4 In reality, the depth of Somali lineage layers extends far beyond that indicated 
here (three levels).  In the following simulations, this crude assumption of three 
levels is adopted.  No such sub-structure is assumed for other ethnic groups such 
as so-called Bantu-Somalis. 
5 More specifically, DI is defined as DI=-Σter(k)log2ter(k), where ter(k) denotes the 
ratio of a total area of PopCells under the rule of Ruler k relative to that of the 
whole territory. The summation is taken over all k. 
6 This is even more instructive because, in virtual Somaliland, uprisings and 
disturbances in the area take place without any external involvement (e.g., 
intervention from neighboring ‘virtual Puntland’), which is often cited as an 
instigating factor in the existing literature (Höhne 2006). 
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