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Abstract. An agent-based model of conflict among herders and between
herders and private farmers of east Africa is presented using the MASON
agent-based simulation environment. Herders survive by keeping their herds fed
and watered in the inhospitable environment with some of the land becoming
unavailable due to privatization. Our model develops realistic population and
conflict dynamics. With only basic behaviors, herders come into conflict with
other herders and farmers over the limited resources. However, the introduction
of farmers did not have severe effects on the herder carrying capacity and, when
farmers are included in the overall carrying capacity, adding farmers actually
increased the capacity by almost a factor of two. The introduction of farmers
appears to have provided a separation between the two modeled herder clans
reducing the trend toward hegemony seen without farmers.
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1 Introduction

The traditionally nomadic people of East Africa have been surviving in a semi-arid
region for hundreds, if not thousands, of years. With the establishment of nation states
came the institution of private land ownership. As a result, the challenge of survival in
the already inhospitable region could be made much more difficult by the
development of state-supported property holders and resulting restrictions on the
accessibility of traditionally open grazing areas and watering holes. We are using
Agent-Based Modeling (ABM) to gain a better understanding of the region’s response
to the introduction of farmers. The responses we are concerned with are the carrying
capacity of the region and rise of violence between herders and farmers and among
herders. Our multidisciplinary team consists of researchers from the fields of
ethnography, geography, political science, cognitive science, and computer science.
The team has come together to apply this diverse knowledge to building a model of
resource-driven conflict in East Africa. In previous publications, we have described
experiments showing the effects on carrying capacity, conflicts, and the rise of
hegemony due to the number of watering holes [1] and droughts [2].
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1.1 Area of Interest: East Africa

Our first step in modeling the area was to select a representative region. The countries
of Somalia, Kenya, and Ethopia meet at a corner near the city of Mandera. The area
around the city is known as the Mandera Triangle. We chose a 150km by 150km area
approximately 300km west of the city of Mandera to be the geographic reference for
our model. It is in the Mandera Triangle but far enough away from the city to be
populated primarily by herders and farmers. Figure 1 shows this area.
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Figure 1. Reference 150km by 150km area near the Mandera Triangle
(Source: the authors)

This area has been the home of several well-established nomadic herding groups.
The populace and the region were a self-regulated socio-natural system with traditions
developed over countless generations in response to the sparse and variable
environment. Effective social supports have been developed to deal with various
environmental shocks, such as droughts. In recent years, the herders face more socio-
natural complexity in their survival efforts due to the introduction of government-
supported privatization of land. Due to rapid change in the political environment, the
people of the area have not had sufficient time to develop new systems to deal with
the limited resource and the area has become conflict ridden.

Over the ages, the pastoralists of the region adapted to the natural environment
[3][4]. The pastoralists’ (herders’) way of life in East Africa was primarily an
adaptation to both long- and short-term environmental factors. To address the long-
term unpredictability and sometimes severely stark environment, herders developed a
predominately hearding mix of agro-pastoralism. In the short term, pastoralism
provided the most successful strategy for the semi-arid region that was not conducive
to agriculture.

The situation in the Mandera Triangle provides a unique opportunity to examine
the behavioral roots of conflict. Given that conflict was historically “well-regulated”
prior to the introduction of states [5][6], it is reasonable to speculate that the entrance
of new actors, in the form of landowning farmers, would have a significant impact on
the nature of conflict. The case of Mandera is a good example of the impact of
institutional collision leading to the upset of a longstanding symbiotic socio-natural
relationship. Moreover, it is possible to sift out behavioral drivers from these changed
circumstances by observing differences between the new herder-farmer interactions



and the traditional behavior of pastoralists attempting to meet the age-old demands of
the natural environment. Our study seeks a better understanding of this change, its
influence on herder behavior, the impact on the socio-natural system, and the complex
feedback driving a new form of conflict in Mandera.

1.2 Modeling Background

To ground the model in real data, we represented the natural environment using data
from Geographic Information Systems. These systems provided information on
ground cover (vegetation), weather patterns, hydrology, and resource variance over
time [7][8][9][10]. To model the decision-making of herders and farmers in the
region, we used ethnographic research on social customs [6][11][12]. We also
considered alliance formation and conflict resolution mechanisms [13][14]. Finally,
we used information on regional studies by political scientists and policy makers on
conflict mediation [15][16][17][18][19][20].

2 Model Description

We simulated interactions and conflict between herders with different ethnic identities
and between herders and farmers over the use of land resources using an agent-based
model (ABM). The model focuses on the tension between different herder groups
over the use of the common grazing land and water resources and the conflict that
emerges related to their use. The following description of the model focuses on those
aspects that are pertinent to this experiment. A more complete description of the
model can be found in a previous paper [1].

The model was developed within the MASON simulation environment [21]. This
system is a multi-purpose simulation library written in the Java programming
language and provides the necessary modeling tools, such as agent scheduling and
visualization, for the development of customized ABM simulations. As is typical for
ABM simulations, our model is dependent upon the implementation of three critical
components: agents, environment, and rules of interaction.

Our model’s environment represents a specific 150 km by 150 km area and is
comprised of 1km by lkm land parcels, a single weather system, and a number of
water holes. Each step represents one day and each agent represents one family unit.
The parcel is the center of focus consolidating interactions among agricultural
fertility, vegetation production, waterhole location, population density, and
ownership. Land parcels differ in quality representing the maximum amounts of
vegetation they can support in the absence of grazing and under optimal weather
conditions. We estimated these maximum vegetation levels using GIS data. Parcels
grow vegetation based on the parcel's maximum vegetation, its current vegetation,
and current rainfall.

The model has two kinds of agents: herders and farmers (see Figure 2). Because
herders are the focus of this model, their behavior is represented in significantly
greater detail. Each herder agent represents the combined characteristics of a herder,



the herder's family, and the herd animals. Two groups of herder agents who are
ethnically different are represented. Herders’ relation with their ethnic group allows
them to share scarce resources in time of need.
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Figure 2: UML Class Diagram of the MASON HerderLand model. Source: the authors.

Herders are entirely dependent on their herds and manage their herds in each time
step. Herders decide on their movement depending on the herd's level of hunger,
thirst, distance to the current water source, and quality of grazing nearby. Herders
evaluate visible parcels’ pasture and water availability with respect to their herd’s
needs. Each herder has a base camp near a water source to which the herd returns to
drink. The herd continues to graze and water near this base until its needs for either
food or water is no longer met, then it shifts the base camp to a nearby water source.

Herders share the common resource if they belong to the same ethnic group and
conflict with other herders or farmers if they are of different ethnic groups (clans).
Herders minimize conflict by preferring to move to unoccupied parcels. However, this
is not always possible and when necessary, they engage in conflict.

If the environment is harsh, herds will be stressed by starvation or dehydration.
Neither starving nor critically dehydrated herds reproduce. If they surpass a threshold,
they will eventually die. As a herd survives, it grows in the number of animals in the
herd. When the herd reaches a specified size, the herder and herd family unit split into
two, and a new herder family unit is introduced.

To avoid overcomplicating our model from the outset, we have left the farmer
agent as a simple, passive owner of territory. Farmer agents essentially occupy viable
grazing land and increase the fertility of these parcels through their efforts. In this
model, we assume that farmers are engaged in sedentary subsistence agricultural
production and produce enough food to meet the needs of their family from their
parcel of land. What is important to this model is that farmers occupy parcels with a
high agricultural fertility and, once occupied, farmers have a stake in defending these
high-demand parcels from herder intrusions and cause damage to invading herders.
However, in this model, farmers will remain viable independent of any incident or
conflict and their property is inherited by the next generation without any
transformation or damage.

The main simulation loop consists of herder agents adapting to the seasonally
driven changes in the grazing and watering environment. In each day’s step of the
model the herder agent's use of its current parcel is calculated. As the environment
permits, herder agents avoid other herders and farmers in their movement to obtain



vegetation and water. This process has the potential to drive herders onto farmer land
during times of survival crisis. For example, if a herder agent's health reaches the
desperate stage due to lack of viable graze land or water, herder agents will then seek
the nearest parcel with available resources regardless of the presence of another agent,
herder or farmer. It is these trespassing events that are considered potential conflicts
and the results of all these events are determined at the end of each day.

At each time step, we update the vegetation on each parcel (vegetation regenerates
as a function of current level of grazing and rainfall); process each herder (in random
order); then finally, resolve any conflicts in the execution of simulation events. We
update the weather (rainfall) monthly. This process is then repeated, resulting in herd
movements, which result in conflict dynamics. For instance, splitting of herds and
formation of new herder family depend on the success of the herder to accumulate a
specified herd size. Severe thirst and hunger will result in deaths of animals within
herds. When all the animals have died, the herder agent is removed.

Incidents are modeled as two agents in the same parcel at the end of the movement
part of a time step. Such events can grow over time and potentially involve multiple
herders and farmers. Consequences of an incident depend on participants. When it is
between two herders of the same clan, the incident is resolved peacefully by
averaging hunger and thirst values between both herders helping one and hurting the
other. When the incident is between herders of different clans, it is counted as a
conflict and the defender's herd size is reduced by damage ratio (a parameter) while
those animals increase the attacker’s herd. In the farmer and herder situation, the
farmer is unaffected by conflict and only herder's herd size is reduced by a damage
ratio. With this model we have conducted experiments exploring possible scenarios.

3 Experiment Description

In previous experiments, in which we increased the number of watering holes [1], we
examined the effect of reduced environmental stress. That resulted in increased
carrying capacity of the region, as expected. However, it was not as simple as
expected. The model included two clans of herders and important inter-clan dynamics
were seen. When the survival stress was higher due to fewer watering holes, one clan
came to dominate the other faster than when there were more watering holes. In the
present experiment, we have addressed another source of environmental stress, the
introduction of farmers. Farmers occupy the best land reducing the total grazing land
available. We ran six experiments (30 runs each) varying the number of farmers, from
0 to 1,000 in increments of 200. The lower limit anchored this experiment with
previous and the upper limit was based on our interpretation of the GIS data of the
reference area.

4 Experimental Results

The resulting total populations of herders are shown in Figures 3 and 4 for the two
extremes of our experiment. Both figures show results from 30 runs (gray) and their



averages (black). Each run begins with 300 herders and ran for 100 years of
simulation time. Because all runs began by randomly placing herders and watering
holes in the represented landscape, there is an initial transient. After that, there is a
general trend toward increasing carrying capacity as the herders adapt to the
environment. Between these extremes, we ran 4 other experiments, which produced
results consistent with these figures. To show the primary results, Figure 5 contains
the average ending populations for the independent variable’s range and the total
populations of herders and farmers for each experiment.
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Figure 5. Carrying Capacity after 100 Years

The observed monthly counts of herder-inter-clan conflicts showed annual
weather-driven oscillations and similar magnitudes across all experiments. The runs
show higher conflicts during drier seasons than during wetter seasons. Mean monthly
conflict peeks started at a little less than 50 per month and declined over the 100-year
runs. Individual runs rarely spiked near 500 conflicts per month.

Herder-farmer conflicts were far less frequent than herder-herder conflicts: less
than 10 conflicts on average per month throughout runs with 200 farmers and
approximately twice that with 1,000 farmers. Individual runs rarely exceeded 100
conflicts per month.

The development of hegemony, the rise of one clan to complete dominance, was
very different from our previous experiments. In previous experiments without



farmers, the herders, who were initially placed randomly, became involved in
frequent conflict near the scarce watering holes and with fewer watering holes,
complete hegemony occurred earlier than when there were enough watering holes for
both clans to regularly water their herds separately. In new experiments (still starting
with randomly placed herders throughout the region), now with increasing numbers of
farmers, hegemony was delayed and changed. Unlike the situation with no farmers in
which hegemony occurred in some runs by year 30 and in nearly all runs by year 100,
with 1,000 farmers hegemony does not occur for any runs until after year 65 and at
year 100, there is still a full range of ratios of the populations of the two clans of
herders. This appears to be due to the presence of farmers, who are located in a
broken and incomplete line from the northwest toward the southeast of the region,
thus breaking up the landscape and dividing the two clans.

5 Conclusions

Although the number of watering holes had a marked effect on carrying capacity, as
previously reported [1][2], these new experiments with the introduction of farmers
had different but also dramatic effects. Adding farmers did not affect the carrying
capacity for herders very much. However, if we consider the farmers in the population
of the region and presume their family units are similar to herder family units, the
carrying capacity was dramatically increased, almost by a factor of two. With 100
watering holes, the carrying capacity without farmers was approximately 900 herder
family units, in our model, and with 1,000 farmer family units, the population of
herders only decreased to about 750 resulting in an overall carrying capacity of about
1,750 family units. We also found that the conflicts between the herders and farmers
were approximately 10 percent of the conflicts among herders. Therefore, we did not
see a great impact on the scale of conflict by the privatization of some land. Finally,
the introduction of farmers appears to have reduced the likelihood of total hegemony
by effectively dividing the region. These results confirmed the expectations of the
ethnographers on our team. Of course, the results of our model, while data-driven, are
certainly subject to modeling inaccuracies.
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