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Abstract: More frequently protests are accompanied by an opposing group performing a counter protest. This
phenomenon can increase tension such that police must try to keep the two groups separated. However, what
is the best strategy for police? This paper uses a simple agent-based model to determine the best strategy
for keeping the two groups separated. The ‘thin blue line’ varies in density (number of police), width and the
keenness of police to approachprotesters. Three di�erent groups of protesters aremodelled tomimic peaceful,
average and volatile protests. In most cases, a few police forming a single-file ‘thin blue line’ separating the
groups is very e�ective. However, when the protests are more volatile, it is more e�ective to have many police
occupying a wide ‘thin blue line’, and police being keen to approach protesters. To the authors knowledge, this
is the first paper to model protests and counter-protests.
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Introduction

1.1 Protest demonstrations are not new, but counter-protests are a relatively new phenomena. For example, on
the 1st April 2017 Unite Against Fascism demonstrated as a counter-protest to a demonstration by the English
Defence League (McIntyre 2017; Barry 2017), and o�en a pro-choice demonstration is arranged to be at the
same time and location of a pro-life demonstration (Quinn 2012; Hatch 2017; CTV Ottawa 2016). This social phe-
nomenon requires more policing than a united demonstration of an equivalent size. However, what is the best
strategy for police to keep these two opposing groups apart? For example, should police be keen to approach
protesters, or remain as a single-file human barrier between the two groups?

1.2 Protest models to date consider the propensity of a given agent (potential protester) to become ‘active’, i.e.,
to protest. Essentially building upon the seminal paper by Granovetter (Granovetter 1978). Factors such as
grievance, threshold and risk aversion are considered. Probably the most well-known work in this area is that
of Epstein (Epstein 2002), where the author models the state of civil violence involved in a decentralized re-
bellion against a central authority. They also consider the scenario where the rebellion is composed of two
warring groups. Under these models there are three types of agents, protesters whomay be active or inactive,
and police. Protesters decide whether to become active based upon the probability that they’ll be arrested (a
function of police and active protesters within sight) and their grievance (a function of the perceived hardship
and legitimacy). Kim andHanneman (Kim&Hanneman 2011)modify the grievance function to bemore specific
for aworker’s protest, such that di�erence inwages is included. Themodels of (Epstein 2002; Kim&Hanneman
2011) found intermittent bursts of rebellion.

1.3 The strength and success of Esptein’s model lies in its simplicity, however the assumptions are crude and thus
others havedevelopedupon this simplemodel. For example, Gohet al. (Gohet al. 2006) allow for a game theory
interaction between active protester and police; and agents aremodelled frommulti-disciplinary perspectives
and their behavioural strategies evolve over time via collective co-evolution and independent learning. Whilst
these additions make this model more realistic than its predecessor (Epstein 2002), it does not include other
important factors such as applause or media (Lemos et al. 2013).

1.4 Davies et al. (Davies et al. 2013) modelled the London Riots of 2011, and Fonoberova et al. (Fonoberova et al.
2012) modelled crime and violence over 2005-2009 in many US cities. These models are of unique in that they
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are verifiable with real data. But generally, models of protester behaviour, such as (Epstein 2002; Goh et al.
2006; Kim & Hanneman 2011), are not verified with real data.

1.5 Although (Epstein 2002) modelled two warring groups, the situation is regarding civil violence over a longer
time period. For example, (Epstein 2002) does not have a spatial separation of the groups, and agents can be
killed by other agents. As far as the author is aware, there are currently no models for protest and counter-
protest behaviour. This paper presents a simple agent-based model to better understand how to police two
opposingprotests. Themodel consists of twodi�erent protesting groups, of varying size (that is, one groupmay
be larger than the other), with varying individual aversion to police interaction. The two groups of protesters
are separated by the ‘thin blue line’ of police. The e�ect of the following parameters are explored:
• the aversion of protesters to police (to mimic peaceful, average and volatile protests),

• the angle of vision of the protesters,

• the number of police,

• the width of the ‘thin blue line’,

• the keenness of the police to approach protesters,

• the angle of vision of the police.

1.6 The last three points essentially question howmobile an o�icer should be. Since this paper aims to provide in-
formation regarding policing strategy, police are assumed to be have united behaviour, that is, the same keen-
ness toapproachprotesters. (Whereasprotesters haveanaversion topolicedrawn fromadistribution, to reflect
individuality.) The results indicate that a wide ‘thin blue line’ comprising many keen police is the most e�ec-
tive. However, a single line of police separating the two groups is nearly as e�ective. Therefore, when resources
do not permit a single police o�icer for every two to four protesters, then the model implies that the second
strategy of a single line of police separating the two groups is preferred. The model is in Netlogo, and the code
is available as a supplementary file.

Method

2.1 The model considers three agents: protesters from one group, protesters from the counter-group, and police.
The ‘world’ is a 32 by 32 grid,x = [−16, 16], y = [−16, 16], the protesters are separated by thex = 0 line, which
is the ‘thin blue line’ of police, see Figure 1 . The police are initially equidistant within the ‘thin blue line’ which
is centred aroundx = 0. Thewidthw of the blue line varies under di�erent simulated scenarios. The protesters
are initially distributed randomly within their half of the world, but are not within the ‘thin blue line’.

Figure 1: The world with 50 protesters in each group, and 16 police agents - the initial set up (le�) and a�er
some time steps (right).

2.2 All protesters are considered active, that is, if a protester is present, we assume that they are active. Active
in this context indicates that they wish to cross over the ‘thin blue line’, and enter the territory of their oppo-
nent. However, each agent has a di�erent aversion to the police, that is each protester has aminimumdistance
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between itself and police before it moves one step directly backwards, away from the police. Three di�erent
distributions are assumed,

• Theaversionof agivenprotester isdrawn fromanormaldistributionwithmean Āandvariance (Ā−Ā/2),
see Figure 2.

• Theaversionof agivenprotester is drawn fromagammadistributionwithmean Āandstandarddeviation
σ2
l , so that few protesters are very averse to police interaction (le�-skewed), see Figure 3.

• Theaversionof agivenprotester is drawn fromagammadistributionwithmean Āandstandarddeviation
σ2
r , which is reflected about themean so thatmany protesters are very averse to police interaction (right-
skewed), see Figure 4.

2.3 Arrests are not included in themodel meaning that no agents leave or enter the ‘world’, and all protesters have
aminimumaversion of 1 (police and protester do not occupy the same space). It is assumed that the number of
trespassers is directly proportional to the probability of conflict, so the success of the police is determined by
howmany agents have not crossed to the opposing territory.

Figure 2: The distribution of the aversion of protesters where aversion is drawn randomly from a normal distri-
bution with mean 10 and variance 52. In about 2.9% of cases, a value less than 1 is drawn, and so the aversion
is set to 10. This histogram is created from 1000 draws.

Figure 3: The distribution of the aversion of protesters where aversion is drawn randomly from a gamma dis-
tribution withmean 3 and variance 1. In about 7.5% of cases, a value less than 1 is drawn, and so the aversion is
set to 3. This histogram is created from 1000 draws.

2.4 There are N1 protester agents in one group and N2 agents protesters in the counter group. The behavioural
rules for a protester which is initially placed at (±xi, yi), xi ∈ {w/2, w/2 + 1, . . . , 16}, y ∈ {−16, 15, . . . , 16}
and has aversion ai (i = 1 . . . N1 +N2), are that

• the protester has the destination (∓16, yi), and is always facing the destination such that the angle of
direction is θ = 0.
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Figure 4: The distribution of the aversion of protesters where aversion is drawn randomly from a gammadistri-
butionwithmean 10 and variance 1, and then reflected about themean so that the distribution is right-skewed.
In about 1.1%of cases, the resulting value is less than 1, and so the aversion is set to 10. This histogram is created
from 1000 draws.

• if any police are visible within the angle of vision (default is 300 ≤ θ ≤ 60), and within distance ai, the
protester takes a step back, otherwise the protester moves towards its destination.

• if no police are visible within the angle of vision (default is 300 ≤ θ ≤ 60), then the protester moves
forward (facing destination) by a random angle θ ∈ [325, 45].

2.5 There are P police agents. The behavioural rules for a single police agent which is initially placed at (xj , yj),
and has keenness k, are

• the police agent has the destination (xj , yj).

• if the police agent is outside the ‘thin blue line’, it takes one step towards its destination.

• at each iteration, the policemay face either group of protesters. The direction is determined by randomly
from a binomial distribution where the probability of facing a given group is determined by the ratio of
that group to the total number of protesters.

• if a protester is visible within the angle of vision (default is 300 ≤ θ ≤ 60), and within distance k, the
police agent moves towards the protester.

• if no protesters are within the police vision, the police agent takes a step toward its destination.

Numerical Simulations

3.1 The numerical simulations can be organised as the following: the first set of simulations explore the e�ect of
the number of police agents, the width of the ‘thin blue line’, and the keenness of the police agents; and the
second set explore the e�ect of the number of protesters, and the third set explore the e�ect of police and
protester angle of vision. Each simulation of 5000 time steps is run 10 times with a given set of parameters,
and the number of trespassers is noted from each run as a proxy measure for the success of the given police
strategy. Each simulation took 96 hours on a standard desktop computer. For this reason, the number of runs
is limited to 10, which is su�icient since the variance between runs is small, see Figures 5–9. The results from
these simulations are now discussed.

3.2 The first numerical simulations consider 100 protesters in each group (N1 = N2 = 100), with the number of
police varying such that P = 16, 17, . . . , 100. The width of the ‘thin blue line’ varies such that w = 1, 3, 5,
and the keenness of the police varies such that k = 2, 6, 10. The model is run for the three di�erent groups of
protester aversion behaviour, as shown in Figures 2–4.

3.3 The most e�ective strategy is to have as many police as possible occupy a wide ‘thin blue line’, with a high
keenness to approach protesters, see Figures 5–7. Under this strategy, as the number of police increases, the
number of trespassers decreases, especially when the number of police is between 16 and approximately 32
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(note that the height of the world, that is, the length of the ‘thin blue line’ is 32). The diminishing e�ect of the
number of police is the case for all distributions of aversion, however it ismost notable when protesters are not
very averse to police, see Figure 6.

3.4 Nonetheless, the e�ect of the number of police is generally only a factor when the ‘thin blue line’ is wider than
a single line of police (width is 1), and the police keenness is greater than 2 (that is, a police agent only moves
towards a protester agentwhich is within distance 2 from itself). This single-file strategy is e�ective irrespective
of the number of police agents, even when there are less than approximately 32 police.

3.5 Thereforeonecan identify twoe�ective strategies. Either therearemanypolice agentsoccupyingawiderdivide
between the two groups, and the police agents approach protester agents which are further away; or the ‘thin
blue line’ comprises few police agents who form a single file, and do not break out of form unless a protester
is very close. Once the number of police agents exceeds approximately 50, the first strategy of a wide divide is
more e�ective than the second.

3.6 The second numerical simulations considerN1 = {25, 50, 75, 100} andN2 = {25, 50, 75, 100}, with the num-
ber of police varying such thatP = 16, 17, . . . , 100, the width of the ‘thin blue line’ varies such thatw = 1, 3, 5,
and the keenness of thepolice isk = 2. Themodel is runwith thenormal distributionof protester only, Figure 2.

3.7 Themodel is symmetric such that a simulation whereN1, N2 = 50 has a similar number of protesters to when
N1 = 25 andN2 = 75, and vica versa. The mean number of trespassers for a given number of total protesters
(N1 + N2) = {50, 75, 100, 125, 150, 175, 200} follows a linear relationship with the number of protesters, see
Figures 8–9.

3.8 In line with the first numerical simulations, when police keenness is high, k = 10, the number of trespassers
increases as the width the of the ‘thin blue line’ increases. The e�ect of the width of the ‘thin blue line’ is more
noticeable as the number of protesters increases, see Figure 8. Continuing this comparison, when police keen-
ness is low,k = 2, thewidthof the ‘thinblue line’makesnodi�erence to thenumberof trespassers, seeFigure9.
In fact, in this circumstance, the line of best fit is almost identical to the line of best fit for the casewhere k = 10
andw = 5.

3.9 Again, this corresponds to the findings from the first group of numerical simulations since the mean is from an
average over varying number of police agents, P = 16, 17, . . . , 100, meaning that in most simulations the first
strategy, which is most e�ective when P > 50 is preferred (large width and high keenness).

Figure 5: The number of trespassers when protesters aversion to police is normally distributed (parameters as
in Figure 2), with 100 protesters in each group, the width of the ‘thin blue line’ varies, w ∈ {1, 3, 5}, and the
police keenness varies, k ∈ {2, 6, 10}. For each set of parameters, the simulation is run 10 times.

3.10 The third numerical simulations vary the width of the ‘thin blue line’ and the angle of vision of the protesters
and police, see Figure 10. The protesters have a normally distributed aversion to the police (100 protesters in
each group and 100 police with keenness 10). These simulations highlight again that when police are more
mobile due to occupying a wide area, and having more possible ‘targets’ due to a large cone of vision (angle of
vision combined with keenness), more trespassers occur. The e�ect of a more focused angle of vision is also
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Figure 6: The number of trespasserswhenprotesters aversion to police is le�-skewed (many are not averse, pa-
rameters as in Figure 3), with 100 protesters in each group, the width of the ‘thin blue line’ varies,w ∈ {1, 3, 5},
and the police keenness varies, k ∈ {2, 6, 10}. For each number of police (between 16 and 100), the simulation
is run 10 times.

Figure 7: The number of trespassers when protesters aversion to police is right-skewed (many are averse, pa-
rameters as in Figure 4), with 100 protesters in each group, the width of the ‘thin blue line’ varies,w ∈ {1, 3, 5},
and the police keenness varies, k ∈ {2, 6, 10}. For each number of police (between 16 and 100), the simulation
is run 10 times.

noticeable with the protesters - when they have a wide angle of vision they are less successful at trespassing.
Perhaps protesters with a wide scope of vision is more realistic, however, themodel does not account for more
complex protester behaviour such as intentionally creating a distraction.

Discussion and Conclusions

4.1 Protester behaviour is o�en simulated using agent-basedmodelling, see review paper (Lemos et al. 2013). Fre-
quently a researcher is not blessed with data to validate such models. Nonetheless, simple, yet well thought
out simulations highlight important features. For example (Epstein 2002) and (Kim & Hanneman 2011) found
rebellious behaviour, such as violence, to occur in intermittent bursts.
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Figure 8: The relationship between the number of trespassers and the total number of protesters (where each
group may contain {25, 50, 75, 100} protesters). Keenness k = 10, and number of police P = 16, . . . , 100. For
each set of parameters, the simulation is run 10 times. Therefore the corresponding number of runs for each
total number of protesters {50, 75, 100, 125, 150, 175, 200} is {5100, 6800, 5100, 3400, 1700, 1700, 3400}. The
circle represents the mean, the arrowed line represents one standard deviation away from the mean, and the
dashed line represents the line of best fit. The colours correspond to the width of the ‘thin blue line’ where red
isw = 1 (the bottom line), green isw = 3 (the middle line) and blue isw = 5 (the top line).

Figure 9: The relationship between the number of trespassers and the total number of protesters (where each
group may contain {25, 50, 75, 100} protesters). Keenness, k = 2, and number of police P = 16, . . . , 100 and
protesters have a normally distributed aversion (parameters as in Figure 2). For each set of parameters, the
simulation is run 10 times. Therefore the corresponding number of runs for each total number of protesters
{50, 75, 100, 125, 150, 175, 200} is {5100, 6800, 5100, 3400, 1700, 1700, 3400}. The circle represents the mean,
the arrowed line represents one standard deviation away from the mean, and the dashed line represents the
line of best fit. The colours correspond to the width of the ‘thin blue line’ where red is w = 1, green is w = 3
and blue isw = 5.

4.2 Extending upon this framework, this paper presents an agent-based model to study how police can best keep
two opposing protest groups apart. No agents leave the region, meaning that arrests do not occur, and it is
assumed that all protesters are active, that is, they wish to trespass into the opposing groups territory. A line of
police agents separate the two groups. Individuality in protester behaviour is implemented by each protester
agent having a di�erent aversion to police. In contrast, police agents are not treated as individuals and are
instead assigned a uniform ‘keenness’, which states how close a protester gets to the police agent before it
moves towards the protester.

4.3 Simulations were run with di�erent distributions for protester aversion, and di�erent numbers of protesters,
as well as the number of police agents, the keenness of the police agents, the width of the ‘thin blue line’, and
the angle of vision of protesters and police. For each parameter set, the e�ectiveness of the ‘thin blue line’ is
assessed by the number of trespassers, which is the total number of protesters who have crossed over the ‘thin
blue line’. The Netlogo code used for these paper is provided as a supplementary file.

4.4 The di�erence in the size of protester group had no e�ect, that is, if there were 25 in one group and 75 in the
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Figure 10: The relationshipbetween theaveragenumberof trespassers for varying angles of visionof protesters
and police (120 = 300 ≤ θ ≤ 60, 180 = 270 ≤ θ ≤ 90, . . .), and varying widths of the ‘thin blue line’,
w = {1, 3, 5}. Keenness, k = 10, number of police P = 100, and number of protesters in each group N1 =
N2 = 100, which have a normally distributed aversion (parameters as in Figure 2). The maximum number of
protesters is 2.4, occurringwhen protesters have angle of vision 120, police have angle of vision 360, andw = 5.

other, this scenario had the same number of trespassers to a scenario with 50 protesters on either side. How-
ever, this is because police agents faced each group proportionally, so with a 25/75 split, 25% of police agents
faced the smaller group.

4.5 Twoclear strategies arose. Themost e�ective strategy is to use asmanypolice as possible, and for the ‘thin blue
line’ to bewide, and police agents to be keen to approach protesters. The second strategy is nearly as e�ective,
and uses as few as approximately 32 police agents (the length of the ‘thin blue line’ is 32), in a single file, and
police agents approach a protester agent when it is very close.

4.6 When the average protester aversion is high, the first strategy is only marginally better. Therefore, with limited
resources, and under most conditions, the second strategy is preferred. However, in the scenario where many
protesters are not averse to police, which may be the case for some volatile protests, the di�erence between
the strategies is greater. So should an upcoming protest be known to be volatile, and resources allow, perhaps
the more e�ective strategy is preferred despite the additional cost.

4.7 Further workwould include interactions, such as arrests or violence between opposing protesters. Interactions
can bemodelled using game theory as presented in Goh et al. (2006). Alternatively, protester aversion could be
updated over time, where aversion is influenced by surrounding events, similar to traits such as anger and fear
being updated by the model of Pechenkina & Bennett (2017). More simply, an alternative model may follow
more traditional models and consider all protesters to be present, but not ‘active’, meaning that they do not
initially wish to cross the ‘thin blue line’, but may become ‘active’. Or even the reverse of this, so that protesters
are ‘active’ but can become ‘inactive’, perhaps due to an event like an arrest.
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