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Introduction

Ethno-social conflicts are defined to be the peak stage in differences between individuals, groups, and
at the highest level society. It is characterized by confrontation between these groups or individuals.
There has been a lot of research done on the complex systems of ”conflictology.”
Our research explores the work done in the paper Global Pattern Formation and Ethnic/Cultural
Violence[HLB10]. The paper uses a Monte Carlo agent simulation and a wavelet filter to identify
areas of high risk for conflict. We examine the accuracy of this modeling on an area in Pakistan with
historically high rates of conflicts and modify the analysis of high risk areas to include population
density and past conflicts as a trigger for violence.
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Agent Based Model

The model of global pattern formation uses agent type separation to model geographic spatial
relations and explores how violence can be predicted from consistent patterns of migration. The
agents of this model moved towards areas of higher attraction, which were areas that had people of
the same ethnicity. Groups are formed and overtime they get increasingly large. After the groups
are formed, a wavelet filter identifies areas that are most at risk of having violence.[HLB10]
The global pattern formation model defined movement in the following way.
Agent Movement
1. An agent is chosen at a random location (x, y)
2. A direction (including diagonals) is chosen at random.
3. if the location (x0 , y 0 ) of the chosen direction is vacant compute U (x0 , y 0 ) and U (x, y). If
occupied return to step 1.
U (x0 ,y 0 )−U (x,y)
T
[May07]
4. The agent moves from (x, y) to (x0 , y 0 ) with probability e
The function U (x, y) quantifies how favorable it is for an agent to move to a new location and is
defined below.
Definition

U (x, y) =

X

J ∗ δ(s(x, y), s(x0 , y 0 )) − R ∗ (1 − δ(s(x, y), s(x0 , y 0 ))(1 − δ(0, s(x0 , y 0 ))

(x0 ,y 0 )∈N N

1

Where s(x, y) is the type at position (x, y) and δ is the dirac delta function. J and R are
parameters which specify the attraction and repulsion. [May07]
For our model we took J = 1.5 and R = 1 this allowed the agents to converge to reasonably sized
clusters in under 200, 000 steps. Additionally we took the parameter T = 2 this allowed for agents
to move away from large clusters with a probability of approximately 1%.
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Our Model

To improve upon this agent based model we made two changes: (i) initialization accounting for
population density (ii) bias accounting for past conflicts. We decided to use Pakistan to test this
nuanced model because of the historical and modern tensions between Pakistan and India, as well
as their geographic proximity to each other.
The type separation model is initialized uniformly according to regional population density. That is,
regions with a higher population density have less vacancies (agents of type 0). First, we partitioned
a square map of the Punjab region of Pakistan into four rectangles based on the population densities
in that area. Next, we found the average population density in each rectangle and put these four
average densities into our code to attain our initialized grid (Figure 1).

Figure 1: Initialized grid
A localized bias term is then added to the cost function U (x, y) in order to account for regions of
past conflicts. Our data for past conflict can be seen in Figure 2. Each circle represents a number
of occurrences of violence; the larger the circle, the higher the number of events. For each location
p~c = (xc , yc ) where past conflicts were recorded we defined rc , a radius proportional to the number of
conflicts which occurred at that location. Then for all lattice points p~ = (x, y) such that ||p~c −~
p||∞ <
1
.
We
now
define
Ū
(x,
y)
=
U
(x,
y)
+
w(x,
y).
If the
rc we assign them a weight w(x, y) ∝ ||p~c −~
p||2
point (x, y) is contained in two or more radii the weight is taken to be the sum of all biases.
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Figure 2: Recorded conflict in Punjab from January 1 2019 - January 1 2020

4

Simulations & Results

As we can see in Figure 3, the incorporated bias term generates more accurate predictions of conflict.
The blue and yellow clusters represent areas of attractiveness, which is where we would expect
violence to occur.

Figure 3: Simulation with bias term
After simulating the agent based model we needed to apply the wavelet filter to identify regions of
potential conflict. The wavelet filter is defined in the following manner
Wavelet Filter
1. For each point on the grid we compute,
X
c(x, y) = max
(2δ(s(x0 , y 0 ), s) − 1)(1 − δ(s(x0 , y 0 ), 0))m(x − x0 , y − y 0 )
s

(x0 ,y 0 )

m(x, y) = (1 − (r(x, y)/lc )2 )e−(r(x,y)/lc )
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2. For (x, y) with c(x, y) > Th we take (x, y) to be a region where conflict is likely to occur.
[May07]
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In our above definition lr and Th are parameters associated with a radius of cluster size (what size
clusters are likely to engage in conflict) and a threshold.
We then applied the the wavelet filter to the grid to identify potential conflict. To test our results
we used ACLED data from February 2020.

Figure 4: Identified conflicts in February 2020 & predicted conflicts
To quantify our results we compared our predicted distribution of conflicts to the prior distribution
(data from 2019-2020). When comparing both distributions to the test distribution we saw virtually
no chance in the Wasserstein distance. However, we saw a decrease in median distance from actual
points of conflict to predicted points of conflict by 1.7. On the downside. there is an increased
median distance from predicted points (vs. prior) to actual points of conflict by .75. This suggests
that we could be over predicting, which may be improved by choice of Th .
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Conclusion

In conclusion, our model did a good job at predicting regions where less than 5 conflicts occurred.
However, there are a lot of parameters that went into this model, i.e. J, R, lr and Th . It’s reasonable
to assume that better optimization of these parameters would yield better results. Additionally there
are other factors such as grid size, radius (proportional to past conflicts) and initialization that could
be more carefully considered. There is still a lot of work to be done in this area.
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