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Introduction
 

Over the past four years, a team of 
computational social scientists 

at the Center for Social Complexity at 
George Mason University (GMU) in col-
laboration with anthropologists from the 
Human Relations Area Files (HRAF) at 
Yale University have been developing a 
multi-scale spatial agent-based model to 
better understand the environmental, so-
cial, and cultural dimensions of conflicts 
in the Rift Valley region of eastern Africa. 
The overall goal of the joint GMU-HRAF 
project is “to build and analyze innovative 
and interrelated computational models 
of asymmetric conflict with explicit 
sociocultural content that can advance 
understanding and improve policy analy-
sis.”1 The anthropologists’ contribution 
is to provide the “explicit sociocultural 
content” for the models. In this paper, we 
discuss the interdisciplinary collaboration 
in developing the agents for two models, 
a prototype model called “HerderLand” 
concerned with pastoral movement in a 
savanna environment and “RiftLand,” 
a 1,600 sq km region in eastern Africa. 
The paper focuses on the give and take 
between the anthropologists and compu-
tational social scientists in developing the 
agents. The challenge for the anthropolo-
gists is how to apply their knowledge, 
both ethnographic and theoretical, in 
shaping a model that ultimately will help 
policymakers anticipate and manage 
conflict in eastern Africa.

Modeling and Anthropology

 Modeling is not new to applied 
anthropology. Indeed, any construing 
of cultural norms and values can be 
regarded as a model of human behavior, 
usually a verbal model (Zacharias, Mac-
Millan, and Van Hemel 2008). However, 

AN INTERDISCIPLINARY APPROACH TO AGENT-BASED 
MODELING OF CONFLICT IN EASTERN AFRICA

in the 1950s, system theorists began 
applying mathematics to describe social 
phenomena (Rodin et al. 1978). More 
recently, social scientists began using 
computational methods, primarily simu-
lation, to allow researchers to conduct 
experiments that cannot be done in the 
field. One approach called agent-based 
modeling (ABM) supported modeling of 
individual people as agents in a system 
in which they interact with other agents 
and the environment. With more power-
ful computers, it is possible to build 
up a representation of both natural and 
human-made environments, drop in rule-
governed agents, and then observe their 
behavior over time and space. ABM is 
able to reveal in a unique way the global 
patterns that emerge from the interac-
tion of individual agents with each other 
and the environment (Macy and Willer 
2002). The emergent patterns can help 
to validate theory or replicate observed 
phenomena, and in an experiment-like 
situation, variables can be isolated and 
controlled to verify causal effects or 
patterns observed in the archaeological, 
historical, or ethnographic record. 
 At its best, the computer can 
mimic decision making processes 
in a way more sophisticated than 
simple stimulus-response behavior and 
perfect-knowledge rationality. A model 
can incorporate limited information, 
limited cognitive abilities, and limited 
time to make decisions, thus replicat-
ing more truthfully real-life situations 
and experience (Kennedy and Bassett 
2011). Memory and emotions can be 
included as well (Kennedy and Bassett 
2011). The biggest challenge for the 
computational social scientist is how 
best to represent people’s cognition 
and social interactions. This is where 
the anthropologist’s input has been 
most helpful. By developing a more 
culturally attuned model, it is hoped by 
both teams that the model could have 
applications in other anthropological 
type investigations. 

 A few ABM studies have been made 
in the field of anthropology to date. One 
agent-based computational model repro-
duced settlement patterns and population 
fluctuations of an Anasazi community 
using data based on the paleoenvironmen-
tal record and ethnographic studies of his-
toric Pueblo groups (Axtell et al. 2002). 
The simulated population growth and 
settlement patterns followed the actual 
archaeological record except for the final 
phase when historically the valley was 
abandoned, but the model showed a small 
community lingering on. The authors 
attributed the difference to social and 
cultural dynamics not accounted for in 
the model. In cultural anthropology, a few 
researchers have modeled pastoral groups 
by combining ecosystem and household 
simulation models. One study using the 
integrated model examined the effect of 
cultivation on wildlife, livestock, and pas-
toralists in a conservation area in Tanzania 
(Boone et al. 2006). Another study exam-
ined the effects of land fragmentation and 
ranching on pastoral communities in Ke-
nya (Thornton et al. 2006). Using another 
ABM model, researchers examined the 
effect of drought on trading and raiding 
behavior between pastoral and farming 
households in Darfur, Sudan (Kuznar and 
Sedlmeyer 2005). Another study exam-
ined the degree to which mutual trust be-
tween herders and farmers affected access 
to grazing land and reproductive success 
of the herd (Rouchier et al. 2001). These 
studies have helped to develop models 
for applied anthropology and contributed 
to land management and conservation 
policy decision making. However, these 
and other models are still in a rudimentary 
stage of development, beginning at the 
beginning, as with the HerderLand model 
described below. Think of Steve Jobs in 
his parents’ garage in the late 1970s. 

HerderLand

 Prior to their collaboration with 
HRAF, the modelers at George Mason 
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developed a model called HerderLand 
simulating day-to-day grazing and sea-
sonal migrations of herds in a savanna 
environment. HerderLand has a uniform 
area approximately 150 X 150 km. sq. 
with little varied geographic or meteoro-
logical data. The model uses a multiagent 
simulation environment and visualiza-
tion library (MASON) written in the 
Java programming language (Luke et al. 
2005). When herding, the herders decide 
daily where to move the herd based on 
four factors. These factors represent the 
herd’s level of hunger, level of thirst, 
whether there is conflict in the area, 
and how far away the herd may have to 
move. The rules are implemented as a 
hierarchy of if-then questions based on 
the importance of the factors modeled. 
The decision tree is shown in Figure 
1. The model did produce migratory 
movements in space and time as agents 
sought greener parcels and those with 
watering holes (see Figure 2). The next 
model introduced two types of agents, 
herders and farmers, to examine pastoral-
ist and agriculturalist interaction. When 
the anthropologists were consulted, they 
suggested a variation on the simple fight 
or flight response of the agents in the 
earlier model by introducing the concept 
of ethnicity in which not everyone is 
regarded as a potential enemy. Members 
of the same ethnic group would choose 
to share resources rather than fight over 
them. Modelers then assigned agents 
one of two group identities. Running this 
scenario produced an interesting result in 
which after a period of time the farm-
ers became a buffer between two hostile 
groups of herders (Kennedy et al. 2010).
 Based on their knowledge of ethno-
graphic data of the region, the anthro-
pologists then critiqued the strict divi-
sion between herders and farmers and 
suggested an agropastoralist agent who 
would combine both subsistence practices. 
This suggestion proved a challenge to 
the programmers who could assign only 
one of the two subsistence activities to an 
agent. One possible solution considered 
was to have the agent switch between 
subsistence activities for different units of 
time: a farmer today and a herder tomor-
row. However, a more realistic solution 
to the problem was to introduce the 

idea of households made up of multiple 
individuals who could carry out different 
subsistence and economic activities. The 
agropastoralist household unit became the 
agent for the next stage of modeling. The 
development of a household agent would 
be better suited to the household/commu-
nity focus of applied anthropology. 

RiftLand

 Based on HerderLand, a larger more 
ambitious model was built called Rift-
Land, which covers a 1,600 X 1600 sq. 
km. region of the Rift Valley in eastern 
Africa, including all or part of nine 
countries, approximately 135 ethnic 
groups, and 120 million people. The 
purpose of this model is to study con-
flict, natural disasters, and humanitarian 
relief needs in a region with a wide vari-
ety of natural and human-made environ-
mental factors. The RiftLand model is 
still in the development stage, gradually 
incorporating additional layers, greater 
scale, more diverse behaviors, and a 
more varied environment. The chal-
lenge to programmers and anthropolo-
gists was to simplify the ethnographic 
information to make the modeling more 
manageable and to avoid overload-
ing the computer itself. The tension 
between needs for simplicity required 
by the programming language and the 
complexity of the ethnographic record 

would define the interaction between 
the two teams throughout the collabora-
tion, sometimes with comical results. 
The anthropologists are always coming 
up with the exception to the rules that 

Figure 1. Herding Decision Making Tree

Figure 2. Migrations of Herds 
(Circle) From One Watering Hole 
(Square) to Another (Off Screen)
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the programmers had worked hard to 
deduce from the ethnology. In one lighter 
moment after running a scenario in 
which the programmers found that none 
of the farmers died, the anthropologist 
suggested programming in Original Sin. 
 How then to simplify the ethno-
graphic data to make it more amenable to 
programmers? Cross-cultural researchers 
recognize that each culture is unique, but 
cultures are comparable on dimensions 
of variation and can be coded on those 
dimensions (Ember and Ember 2009). 
In other words, patterns can be identified 
across cultures and generalizations made, 
and these generalizations used to type 

cultures. For example, food procurement 
for any one culture may be unique with 
respect to the specific food items ob-
tained, when and how they are obtained, 
and the proportion that those items con-
tribute to the overall diet. However, there 
are basic types of food-getting regimes 
that allow us to talk in more general 
terms about hunter-gatherers, pastoral-
ists, and swidden cultivators. The anthro-
pologist George Peter Murdock (1967) 
published the Ethnographic Atlas, which 
coded 100 cultural variables across 
1,200 cultures worldwide. Although each 
culture was coded for a specific time and 
place focus, we decided to use the Atlas’ 
5-digit code to estimate the relative 
dependence on five major subsistence 
activities. The first digit of the code 
estimates the dependence of a society on 
gathering flora and small fauna. A small 
number such as 1 means only a 6 to 15 
percent dependence, whereas a larger 
number such as 8 means 76 to 85 percent 
dependence. The second digit refers to 
hunting, including trapping and fowling; 
the third to fishing, including shellfish 
and marine animals; the forth to animal 
husbandry, which includes pastoralism; 
and the fifth to agriculture. The individ-
ual digits added up together should add 
up to 10, or 100 percent. The program-
mers were able to incorporate the code 
directly into their model. However, not 
all the RiftLand cultures were coded in 

the Atlas, and the HRAF anthropologists 
had to code the remaining cultures. 

Household Rules

 The next challenge for the group was 
developing the decision making rules for 
the agropastoralist household agent. The 
development of this new agent required 
more sophisticated rules regarding how 
to allocate household labor to different 
subsistence activities as well as wage 
labor, which was an option in the larger 
and more diverse regional economy with 
its commodity and labor markets. Fur-
thermore, the issue of internally displaced 
peoples (IDP) and refugees—a reality on 
the ground—had to be addressed. While 
the rules for pastoralism were adopted 
from the HerderLand model, new rules 
for farming had to be developed, includ-
ing when to plant, when to harvest, and 
how much area to plant. These decisions 
would be informed by the environment, 
weather, past history of the weather, and 
availability of labor. Average household 
size had to be determined and different 
economic activities prioritized. Rules for 
how labor was allocated and resources 
shared between household members had 
to be developed. If herding and farm-
ing activities could not provide for all 
members of the household, then stored 
reserves were uncapped and distributed. 
If reserves were low or non-existent, 
then a member of the family was sent to 
work in the closest town. Limits were 
placed on how much labor a town labor 
market could absorb. When that limit was 
reached, wage laborers became displaced 
persons, and households no longer had to 
feed them (see Figure 3). 
 An initial running of the new model 
showed a slow trickle of displaced per-
sons, which did not fit the actual reports 
of IDPs in the literature. The anthropolo-
gists assured the modelers that it is not 
uncommon for poorer households to 
send individual members to closely re-
lated richer households, either on a short- 
or long-term basis, the latter being some 
form of adoption. It would then be only 
under extreme conditions when even 
wealthier households are hard pressed 
that a massive displacement of people 
would occur as reported in the literature. 

Figure 3. Decision Making Rules 
for Agropastoral Household Agent

Figure 4. Rules for Agro-Pastoral Household
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This knowledge opens up the next step 
for modelers to set rules for relationships 
and exchanges between households at 
a community level, adding yet another 
layer of social and cultural complexity to 
the model, bringing the model closer to 
the realm in which applied anthropolo-
gists conduct their research. 

Lesson Learned

 Although the RiftLand model is far 
from complete, some lessons have been 
learned to date for both the anthropolo-
gists and computational social scientists 
working on the project. The first and 
most obvious lesson was that the two 
disciplines could communicate, albeit at 
times it was an exacting and painful pro-
cess as respective disciplinary certitudes 
about behavior had to be let go of for 
the sake of the model and formulation 
of agent-governing rules. The compu-
tational social scientists appreciated the 
anthropologists’ encyclopedic knowl-
edge about social interactions on many 
levels, which provided useful data and 
guidance for social simulation. How-
ever, they questioned the significance of 
some of the data and took the initiative 
to identify what they felt were the major 
factors essential to programming the 
agents. All in all, a level of trust was 
attained, which obviated the need and no 
doubt near impossible challenge for an-
thropologists to think like computational 
social scientists and vice versa.
 One lesson for the anthropologists 
has been how ethnology can be used to 
help shape the sociocultural landscape 
of the model. The modelers were able 
to take the coded data from the Ethno-
graphic Atlas to help create a cultural 
profile for agents in the different ethnic 
regions in the model. Indeed, the Atlas 
may prove to be an invaluable resource 
and tool in this regard, giving it a new 
application in the world of computer 
simulation. The anthropologists also 
learned how to transpose cultural con-
cepts into daily rule-governed behav-
ior. For example, how does kinship, 
or ethnic affiliation, shape day-to-day 
interactions and decision making? The 
conventional anthropological practice is 
to tease out of the observed patterns of 

cultural behavior the rules, norms, and 
values that structure them. In modeling, 
anthropologists do the reverse by setting 
rules that they hope will produce the 
patterns they associate with observed 
cultural behavior. For example, with the 
suggestion to the programmers that they 
assign different ethnicities to herding 
agents and then have agents with the 
same ethnicity share rather than fight for 
pasturage or water, the anthropologists 
crossed their fingers for interesting re-
sults. The formation of ethnic enclaves 
in the model, which reflects real-life 
observations, can be regarded as a vali-
dation of sharing as a key component 
of ethnic cultural behavior and confirm 
for the practicing anthropologist that the 
model is working on a basic level. 
 Another insight the anthropolo-
gists garnered from their collaboration 
with computational social scientists in 
developing an agent-based computer 
model has been a deeper appreciation 
of the multi-layered scalar relationships 
between culture, agency, and the envi-
ronment. While cultural practices have 
their own internal logic, it is not a logic 
entirely divorced from the environment 
and larger systems in which a com-
munity is embedded. A new synthetic 
ecological anthropology recognizes that 
communities are embedded in multiple 
systems of different scale, including 
local, regional, national, and global (Kot-
tak 1999); and that political, historical, 
and symbolic dimensions mediate the 
human-nature relationship (Biersack 
1999). This basic insight to the integral 
relationship between symbolic behavior, 
social relationships, and the environment 
remains relevant (Moran 2006). We need 
only look at the crisis we face today of 
climate change and the societal failure 
to recognize and respond to the larger 
ecological cycles in which our society 
is embedded. Our present-day climatic 
crisis is a hard reminder that culture and 
the environment are more closely linked 
than we dare imagine. Global warming 
and its fallout could well be a case of 
environmental determinism in the last 
instance! We would argue that symbolic 
behavior is related to large-scale, long-
term ecological cycles, which ultimately 
have a significance for group survival. 

Conclusion

 Computer modeling is making its 
way into anthropology and, as evident 
in the other papers in this issue, is 
being readily accepted by practicing 
anthropologists. While some anthro-
pologists accept computer modeling as 
a powerful new tool for research, oth-
ers may have reservations about how 
it might undermine disciplinary ideals 
of cultural relativism, complexity and 
holism, and above all the validity and 
richness of the ethnographic encounter. 
The abstraction that modeling requires 
may seem to be a form of reduction-
ism and therefore a step backward in 
a discipline that has attained a more 
nuanced understanding of human 
behavior and more sophisticated social 
theories. Perhaps there is also the fear 
of loss of control of the methodologi-
cal process. Adopting Marx’s dictum 
about history, practicing anthropolo-
gists often find themselves practicing 
their craft under circumstances they 
have not themselves chosen. Neverthe-
less, their work often takes them in 
interesting directions with interesting 
results. Such has been the case in this 
interdisciplinary collaboration between 
anthropologists and computational so-
cial scientists in developing an agent-
based model of conflict in East Africa. 
Models have a potential to reveal 
the complex pattern of relationships 
between agency, culture, and environ-
ment. Indeed, models might be the tool 
of choice in exploring this most com-
plex cultural ecology of human-planet 
exchange. 
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