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Economic, social and political inequality between different identity groups is
an important contributor to violent conflicts within societies. To deepen our
understanding of the underlying social dynamics, we develop a mathe-
matical model describing cooperation and conflict in a society composed
of multiple factions engaged in economic and political interactions. Our
model predicts that growing economic and political inequality tends to
lead to the collapse of cooperation between factions that were initially seek-
ing to cooperate. Certain mechanisms can delay this process, including the
decoupling of political and economic power through rule of law and alle-
giance to the state or dominant faction. Counterintuitively, anti-conformity
(a social norm for independent action) can also stabilize society, by prevent-
ing initial defections from cooperation from cascading through society.
However, the availability of certain material resources that can be acquired
by the state without cooperation with other factions has the opposite
effect. We test several of these predictions using a multivariate statistical
analysis of data covering 75 countries worldwide. Using social unrest as a
proxy for the breakdown of cooperation in society, we find support for
many of the predictions from our theory.

1. Introduction

Economic, social and political inequality is an inherent feature of social com-
plexity and has profound effects on human societies [1-5]. Despite declines in
the first part of the twentieth century, economic inequality has increased
among Western countries since the 1970s [6], which may be responsible for
economic inefficiencies [7-9], bad governance [10,11] and crime where inequal-
ity is conspicuous [12-15]. Recent quantitative studies also link economic
inequality with political instability and conflict [5,16-22] for which the
underlying mechanisms are poorly understood [23].

Earlier work focused on inequality between individuals and/or between
households, which is sometimes referred to as vertical inequality. More recently,
studies, especially those concerned with civil conflicts, have focused on
horizontal inequality, i.e. economic, social and political inequality between
different identity groups (e.g. ethnic, regional, religious, cultural) [24-28].
Current efforts to measure horizontal inequality [9,29-33] have not yet led to
a consensus measure like those established for vertical inequality, such as
income Gini coefficient [4] and income share held by the top 1% [34].

Both forms of inequality have been shown to have harmful social effects.
Vertical inequality has a negative effect on economic efficiency [9], the produc-
tion of public goods [10] and government quality [11]. Horizontal inequality
promotes civil conflict between identity groups [24,26,35-39], increases ethnic
voting [27,40], reduces public good provision [10] and destabilizes democracy
[19]. Though economic grievance is often believed to be a prime motivator
[41], political exclusion provides leaders with the incentive to change the
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status quo, e.g. by exploiting the group’s beliefs concerning its
religion, history, sacred values, etc. [42]. At the same time,
there may be cultural and institutional mechanisms which
stabilize unequal societies. A cultural norm such as ‘high con-
fidence in the state’ may increase tolerance of economic
inequality [43,44]. Moreover, inclusive social institutions—
such as checks and balances and rule of law—decouple econ-
omic and political power, meaning elites cannot convert
political power into economic gain so easily [45-47].

Social and cultural processes underling the dynamics of
cooperation and conflict in heterogeneous societies are com-
plex. Given this complexity, mathematical modelling may
provide some additional insights on these dynamics. While
cooperation and conflict in heterogeneous societies are
richly researched, horizontal inequality is not yet well mod-
elled mathematically, so we do not understand the logic of
crucial parameters and patterns across time and hetero-
geneous interactions. Our goals here are, first, to develop a
mathematical framework for modelling the joint dynamics
of cooperation, power and inequality in heterogeneous
societies, and, second, to test our model’s key predictions
empirically.

We build on earlier mathematical models of conflicts
between different parts of the society. In particular, a number
of studies [48-56] modelled contests for power between two
or three factions in the society (e.g. the elite, middle class and
commoners or the authoritarian government and the military
or two political groups) the winner of which sets a preferred
type of the economy and political arrangements (e.g. demo-
cratic or despotic). Esteban & Ray [57] studied a conflict
between a number of different factions over the control of the
distribution of goods produced by the society; the conflict
was modelled as a Tullock contest [58,59]. Esteban & Ray
[57] showed how the equilibrium contributions to conflict
depend on the indices of inequality, fractionalization and
polarization [60] in the society. Some models from cooperative
game theory studied coalition formation [61]. In these models,
the power of individual factions was constant and determi-
ned endogenously, while economic factors were disregarded.
Lawson & Oak [62] introduced a novel approach focusing on
the non-equilibrium dynamics of resources and power in a
society with an arbitrary number of factions engaged in the
redistribution of a fixed amount of resource. Previous work
has not considered, however, the possibility of cooperation
between factions in the production of collective goods and
the associated collective action problem [63]. By contrast, our
models will focus on the non-equilibrium dynamics of inter-
actions between cooperation in the production of collective
goods and conflict over their division. We will show that
these processes exhibit an inherent tendency for cycling in
power, inequality and economic production.

Moreover, our models will explicitly consider mechanisms
for state stability, largely ignored in previous work, including
the effects of social norms (conformity and allegiance to the
state), decoupling between economic and political power
(rule of law), heterogeneity in resources between factions
and the availability of certain material resources that can be
acquired by the state without cooperation with other factions.
We note that some of these factors, e.g. normative commit-
ments and conformity, are not frequently emphasized in the
literature on conflicts and horizontal inequality. Nevertheless,
they are firmly established in economics, psychology, soci-
ology and cultural evolution research as important factors of

human decision-making [55,64—69]. Therefore, we include n

them in our model.

Our models describe the processes of societal evolution
at the meso-scale [70], which is intermediate between the
macro-scale processes shaping the structure and demography
of the society [71-74] and micro-scale processes governing
the behaviour of individuals [75-80]. Our starting point
is the assumption that a successful functioning of the society
(both economic and political) requires mutually beneficial
cooperation between its different factions. Cooperation is sus-
tainable only if it is beneficial to all parties. Subsequently, as
factions seeking to cooperate are jockeying for power, inequal-
ity among them grows and cooperation becomes no longer
beneficial. Our focus is on the breakup of cooperation between
factions which is a necessary condition for internal conflict and
instability. Following previous work, we postulate that the
horizontal inequality may enhance group grievances breaking
cooperation between factions which in turn may facilitate
mobilization for conflict. Rather than model conflict explicitly,
we focus instead on some of its necessary conditions.
Our models reveal some unexpected combined effects of inter-
acting factors that had previously been studied separately.
After formulating our model, we analyse its dynamics,
describe the effects of different parameters and make several
testable predictions. Finally, using a multivariate statistical
analysis covering 76 countries worldwide, we find evidence
consistent with some of the model’s key predictions.

The paper makes both theoretical and empirical contri-
butions. Theoretically, we develop a novel mathematical
model describing the dynamics of economic cooperation
and political competition in heterogeneous societies in the
presence of evolving horizontal inequality. We also propose
novel causal mechanisms for why horizontal inequality can
lead to the breakdown of cooperation. Our work goes
beyond the study of political instability. Quantitative analyses
find that horizontal inequality has many effects beyond its
effect on civil wars. For example, Baldwin & Huber [10]
find that horizontal inequality reduces the provision of
public goods. We provide causal mechanisms for why hori-
zontal inequality leads to the breakdown of cooperation,
which, in turn, reduces public good provision.

We contribute to the empirical literature on horizontal
inequality and political inequality in at least two ways.
First, while previous work has shown that horizontal
inequality is associated with civil wars [24,26,35-39,81],
coups d’etat [82] and democratic breakdowns [83], there is
little work on its effect on other forms of violence. Since the
model describes the mechanisms through which horizontal
inequality leads to the breakdown of cooperation, the empiri-
cal analysis focuses on small-scale forms of unrest, such as
riots and anti-government demonstrations, rather than civil
wars or coups. The latter require more organization and do
not necessarily follow directly from the breakdown of
cooperation. Small-scale conflicts, on the other hand, are
more spontaneous. We thus contribute to the limited quanti-
tative literature on the effect of horizontal inequality on
small-scale violence. Crucially, different forms of violence
follow different processes and can have different determi-
nants. In fact, while the previous literature has shown that
vertical inequality fosters small-scale violence, most authors
find that it does not encourage civil wars [20,84,85].
Second, we provide empirical evidence that certain shared
cultural values can reduce the chances of instability. For
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example, we find that values of conformity are associated
with a higher likelihood of violence. To our knowledge, we
are the first to report this finding.

2. Model

We consider a society composed of n factions (i.e. political,
ethnic, religious or regional groups) in discrete time. Each fac-
tion is characterized by its relative political power f; (0<f;<1
for all i; > ,fi=1). Following the general approach of
Hurwic [86] to the evolution of social institutions, we
assume that factions are engaged in an economic game about
material resources and a separate political game about
power. Specifically, at each time step the factions first
cooperate or not (x;=1 or 0) in an economic nonlinear collec-
tive goods game played according to the current state of a
dynamic set of rules. Then they participate in a contest for
the power to change the rules of the economic game to be
played at the next time step, in terms of how the collective
goods are divided among the factions.

In interpreting our model, we will use the terminology of
the structural-demographic theory of revolutions [71,72,87].
Accordingly, cooperating factions will be viewed as a coalition
of the ‘elites’ led by the ‘dominant faction’, i.e. the faction with
the largest power. Defecting factions are viewed as ‘counter-
elites’. In contrast to the structural-demographic theory,
which focuses on the demographic sizes of different factions
in the society, our emphasis will be on their political power,
economic resources and cooperation among them in the pro-
duction of collective goods.

2.1. Economic game
Let R? be the resource owned by faction i (endowment), E the
resource owned by the society (e.g. some natural resources or
some other wealth) and available for distribution among the
elites, and P(X) the additional resource produced by
X = )" x; cooperating factions. We will use an S-shaped pro-
duction function which captures the law of diminishing
return in a simple form:
XK

P(X) = bm, (2.1)
where b is the maximum possible benefit of the collective
action, X is a half-effort parameter, and « is a steepness par-
ameter (X, k>0) [88]. The larger X,, the more cooperating
factions X are needed to produce the goods; at X =X, the
cooperating factions secure half of the maximum possible
amount. As ¥ — oo, function P(X) approaches a step function.
It is convenient to use a scaled half-effort parameter xo = X,/
n, whose value is always between 0 and 1.

The material payoff of faction i is defined as

Ri(x;) = RY + [v;(E 4 P(X)) — clx;, (2.2a)

where ¢ is the cost of a faction’s effort in the collective action
and v; is the share of the collective goods E + P(X) going to
faction i which depends on its power:

i
v; Zcfj’ (2.2b)

where the sum is over the set C of cooperating factions. That
is, the factions face a conflict over the division of jointly

owned (E) and produced (P) resources. In this model of [ 3 |

‘club goods’ [89], only the coalition of elites (i.e. cooperat-
ing factions with x;=1) share the goods dividing them
according to their power, whereas the counter-elites (defect-
ing factions with x;=0) just keep their endowment RY.
Factions should cooperate only if their power and corre-
sponding share of collective goods are sufficiently large
[63,88,90]. Note that each time a faction moves from the
elite to the counter-elite, production P is reduced which
punishes the remaining cooperating elites more than the
counter-elites (who have little left to lose when they defect).
Also note that in models of collective action, the most impor-
tant factor for agents’ decision-making is the relationship
between benefit and cost. In our model, the faction’s benefit
and cost depend on its power and effort in the collective
action, respectively.

2.2. Political game
All factions in the society are engaged in a political contest
the outcome of which modifies political power f; to

/ Yi

fi S , (2.3a)
where y; is the effective effort of faction i in the political game
(the prime means the value at the next iteration). Recurrence
equation (2.3a) is a form of the Tullock contest [59]. In gen-
eral, the effectiveness of a faction in the political contest
should increase with its economic resources R; and political
power f;, with more politically powerful factions being able
to use the available resource more efficiently than less politi-
cally powerful factions in shaping the rules of the economic
game to their own advantage [91]. We capture these
intuitions by defining y; as

yi = Ri(1 — e + &fi), (2.3b)

where the incumbency effect parameter & controls the
strength of dependence of y; on power f; (0<e<1). If £=0,
then y;=R; and only the amount of the faction’s material
resource R; matters; if £ =1, then y; = Rif;, so that the material
resource and power combine multiplicatively in defining v;.
Parameter & captures the efficiency of ‘rule of law’ mechan-
isms in the society acting towards maintaining a level
playing field and preventing politically powerful factions
from bending the rules of competition in their favour. High
values of ¢ are indicative of low degree of ‘rule of law’. We
note that equations (2.3a,b) defining the dynamics of power
are related to the replicator equation [92,93] which is
widely used in modelling biological, cultural, and social
processes (see the electronic supplementary material).

2.3. Utility function

Following earlier work (e.g. [94-98]), we define the utility
function as the sum of a material and normative components.
For a non-dominant faction,

ui(xi) = Ri(x;) + [ngxs + my (2% — 1)1, (2.4a)

where 7 is the normative value of allegiance to the state
(embodied in the most powerful faction which makes effort
x,) and 7, is the value of conformity with the majority of
peer factions (among which the average effort is X). Parameter
no can also be viewed as a measure of the legitimacy felt
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towards the most dominant faction or the ruling regime. For
the dominant faction,

s (xs) = Rs(xs) + moXs, (2.4b)

that is, the state faction has a normative value 1y of contribut-
ing to production.

The two main components of our utility function are
material payoffs and the effects of social influences. These
are the main forces driving human behaviour as studied by
the two most commonly used mathematical theories in
social sciences: game theory [93,99-101] and social influence
theory [102-107]. Our approach unifies them in a single fra-
mework leading to more realistic and comprehensive
models [76,96-98,108-110]. We separate social influences
into peer influences and the authority/state influence
because these two types of influence have different nature
and power [75,97,98,111-115].

2.4, Strategy update

We will assume that each faction updates its action in the
economic game, that is, chooses x; value, randomly and inde-
pendently with probability v. Assuming bounded rationality
[116], we postulate that each updating faction uses myopic
best response to maximize its utility u;. To capture errors in
decision-making, which are unavoidable in any realistic situ-
ation, we use the Quantal Response Equilibrium approach
with logit error [117]. The corresponding mathematical
model has a non-negative precision parameter 1 (see the elec-
tronic supplementary material). If A=0, the factions
cooperate or defect with equal probabilities; if 2 — oo, the fac-
tions always use the best strategy. We will also assume that
factions pay a fixed cost é for changing their action (i.e.mov-
ing between the elite and counter-elite).

2.5. Intuitions

The behaviour of the two main components of our model,
the economic game and the political game, is well under-
stood when each is acting in isolation. In particular, if the
factions” power f is fixed, the society will split into high-
power factions that cooperate and low-power factions that
defect [118]. Similarly, the existing theory of the replicator
equation, which describes selection of the ‘strongest’ among
many competitors, tells us that if the factions” resources R
are fixed, then over time all power will concentrate on just
one faction. What is not well understood, however, is how
these components work in tandem, i.e. condensation of
power versus the fractionation of cooperation. Below we
study what happens when both resources and power
change dynamically as a result of bounded rational
decision-making processes involved in the economic and
political games.

3. Theoretical results
3.1. Basic model

Consider first a basic model with equal initial power (f;=1/n
for all i), no normative values (170=mn; =0), no variation in
endowment (R;=R, for all i), and no natural resource to
divide among the elites (E = 0). The electronic supplementary
material provides some analytical results for this model. We
focus here on the results of agent-based simulations of the

more interesting cases. We will assume that all factions [ 4 |

cooperate initially and, to reduce the effects of stochasticity,
will postulate infinite precision initially (1 = ).

3.1.1. Three dynamic regimes

Numerical simulations show that in the basic model there
are only three possible dynamics: complete loss of coopera-
tion, stable hierarchy, and continuous turnover. Under
complete loss of cooperation and production, all factions
have similar power. Under stable hierarchy, one faction
persists on top of the hierarchy with some fluctuations in
the power and identities of the elites and counter-elites.
Under continuous turnover of dominant factions, cycles of
cooperation and defection are coupled with cycles in power
and inequality. The regimes of stability and turnover are illus-
trated in figures 1a,c, 2a,c and 1b,d, 2b,d, respectively. The top
graph in each set shows which factions cooperate and which
do not at each time, and how coordinated these actions are.
The solid segments of black and white strips correspond to
periods of apparent stability in the society [62]. During
these periods, inequality nevertheless keeps growing (as
shown in the two other parts of each set).

3.1.2. Effects of parameters
The first regime is expected when the benefit b of cooperation is
small, collective goods are difficult to produce (half-effort par-
ameter x is large), and the number of factions 7 is large. The
second regime is expected when the benefit b of cooperation
is large, collective goods are easy to produce (half-effort par-
ameter x is large), and the number of factions 7 is small. The
third regime is expected at intermediate values of b, n and x,.
Figure 3 illustrates the effect of changing parameters on
long-term average behaviour of the model. Figure 3a shows
the average number of contributing factions (which is zero in
the lower left because there is no cooperation). Also the pro-
portion of contributing factions (and, thus, the total level of
production) is reducing with the number of factions n.
Figure 3b shows that the average power of the most dominant
factions increases with b and decreases with n. The incumbency
parameter £ does not affect the average level of cooperation or
the power of the most dominant faction. Figure 3c characterizes
the turnover of the most dominant factions observed during the
simulation run. We measured the turnover using the Simpson
index, which is the number of dominant factions during the
simulation run appropriately weighted by the time they were
in power (see the electronic supplementary material). This
number is equal to 1 in the top right part of the graph where
the dynamic regime (ii) out of three is observed. Significant
turnover of dominant factions (i.e. regime (iii)) is observed
along the diagonal of figure 3c. Even in the absence of turnover
of the dominant factions, there can be significant fluctuations in
the power of factions and production levels. The effects of par-
ameters on the period of fluctuations in the power of the most
dominant faction are illustrated in figure 3d (see electronic sup-
plementary material for how period was estimated). Note that
increasing incumbency parameter £ decreases the period of
fluctuations in power in regime (i) and increases the turnover
of dominant factions in regime (iii).

3.1.3. Cycling
To shed more light on social volatility and the dynamics of
cycling in cooperation and inequality we focused on the
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Figure 1. Examples of social dynamics in the basic model: with no turnover (a,c) or with turnover (b,d) of the most dominant factions. In each set of graphs, top
graph: factions cooperating at time t are shown as black pixels, defecting factions as white pixels; middle graph: different colours show power f; of individual
factions; bottom graph: dynamics of Gini index based on the resources R;. (The Gini index based on power exhibits very similar dynamics.) The red stars mark
the first collapse of cooperation at time T (when X hits 1 for the first time). The green stars mark the end of the transient period = (explicitly defined in subsection
‘Cycling’). Other parameters: xo=0.75, k =2, 6 =025, y=ng=m=r=0. (@ n=2,0=10,£=003. () n=2,b=5=001. () n=4b=15 €=

0.03. (d) n=4, b=10, £ =0.03.

first cycle, i.e. starting with complete cooperation at f =0 and
ending with its ‘collapse’ at time T defined as the time when
X becomes <1. We also compute the duration of the initial
cooperative phase 7 during which inequality grows but
cooperation remains high and stable (see figure 1 and the
electronic supplementary material). The parameter 7 was
defined as the time to reach for the first time the long-term
average value of the Gini index. Considering the model
dynamics on longer time-scales over multiple cycles is less
informative because in most realistic situations the nature
and the number of factions as well as various forces captured
by the model parameters are likely to change with each new
cycle. Figure 4 illustrates the effects of parameters 7, b and &

plus one additional parameter on 7 (figure 4a) and T (figure
4b,c,d). Increasing incumbency &, decreasing the number of
factions 1, and decreasing the benefit b accelerate the collapse
of cooperation.

3.2. Additional factors

Next we consider several additional factors. To isolate
their effects, we add only one new factor at a time. The red
lines in figure 4 show the values for the basic model
with the additional parameter set to 0; the green and
blue lines correspond to two different positive values of the
corresponding parameter.

§7/01207 6L 2wuau) 20§ Y o Jisi/jeuinol/b10°buiysijgndanosiefos H



Downloaded from https://royal societypublishing.org/ on 03 May 2022

(@)
Z
2
31
&
1000 2000 3000 4000

o)
2
2 02

' \\" " C\» um _\ .\p ,\n \ .‘p‘\i'\\'ll\~ AQ\M ket lagh

L' M ,\ l'_ u\, VL AR R BB L "j
0 1 000 2000 3000 4000
0.6 ; ; ;

=
O

0 1000 2000 3000 4000

time

(©)

factions
CO~INNPRLIDNI—

1000 2000 3000 4000

power

1000 2000 3000

4000
0.4 T T :
= I |
3 0.2
0 1000 2000 3000 4000
time

)]
Z
2
5t
i
1000 2000 3000 4000
0.6 T T .
5 04
3
g 02
L =S w“’-»«.‘ “L—-"'“"h "“{:‘W‘\ T
1 000 2000 3000 4000
0.4 : : :
E
]
0 1000 2000 3000 4000
time
(d)

factions
AN LINI—

1000 2000 3000 4000

0 1000 2000 3000 4000

0.4 T T :
= I |
3 0.2
0 1000 2000 3000 4000
time

Figure 2. Same as in figure 1 but with n=6 and 8. (@) n=6, b=15€=0.05. () n=6, b=15£=0.03. () =8, b=20, £=0.01. (d) n=8, b=20,

£=0.03.

3.2.1. Effects of initial variation in power

In figure 4a, the additional parameter 0 <y <1 characterizes
the initial variation in power. With y=0, each faction has
an equal power 1/n initially; with y=1, the initial distri-
bution of power is drawn from a ‘broken stick” distribution
(see the electronic supplementary material). As expected,
increasing incumbency & and/or initial power inequality y
shorten the initial cooperating phase 7. The effects of y on T
are insignificant (not shown).

3.2.2. Effects of the strength of allegiance to the state and

conformity
Figure 4b shows that increasing the normative value 7y of
allegiance to the state increases the stability of the system
and can often prevent its collapse (on the time scale studied,
e.g. with 1 =8). However, conformity with the majority of peer
factions 7; accelerates the collapse of cooperation (figure 4c).

This happens because once a majority of low-power factions
are defecting, the other factions are ‘pulled’ to defect as well.
This effect is only present when the number of factions is not
too small.

3.2.3. Effects of collectively owned resource

Finally, we consider the effects of a collectively owned
resource E available to sharing among the elites which is
independent of the extent of their cooperation. We write
its amount as E=r x b, where r is a new parameter measur-
ing the amount of this benefit relative to the maximum
amount nb that can be produced by collective action.
Figure 4d shows that r has a nonlinear effect on T. If
cooperation can potentially bring large benefits (e.g. with
b=15 or 20 and n=6 or 8), increasing r decreases T.
That is, high natural resources disincentives cooperation—
a phenomenon called the ‘resource curse’ [119]. If the
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Figure 3. Long-term average values of (a) the number of contributing factions, (b) power of the dominant faction, () an effective number of different dominant
factions, and (d) the period of fluctuations in power. For parameter values corresponding to the grey graphs, there are no contributing factions. For parameter values
corresponding to the black graphs, fluctuations in power are insignificant. Baseline parameters: ¢ =1, X, =10.75, 6 =0.25, k =2, A=00, v=05, y = 0.0, 17 =
0, 7, =0, r=0. The averages and confidence intervals over 200 runs each of length 4000 time steps.

potential benefits of cooperation are not high enough,
however, increasing r increases T because some factions are
motivated to cooperate with the state to receive their share
of resources.

3.2.4. Effects of the inequality in endowments

Introducing inequality in endowments R, results in a
possibility of new dynamics: stable cooperation of high-
endowment factions with low-endowment factions not
contributing at all or exhibiting cyclic or stochastic dynamics
(see figure S1 in the electronic supplementary material for an
example). Introducing errors in the decision-making process
(that is, decreasing precision parameter 1) increases stochasti-
city of the system without affecting the results qualitatively
(see the electronic supplementary material).

3.2.5. Theoretical predictions
Our modelling results thus
predictions:

lead to a number of

Horizontal inequality should increase when cooperation
between groups is high (generating large amounts of
resources).

2. By coupling economic and political power, a strong

incumbency effect £ (weak rule of law) should increase
horizontal inequality.

3. Horizontal inequality should increase social unrest and

accelerate the collapse of cooperation (shorter T).

4. High normative value 7, ie. support for the state’s

institutions, will tend to stabilize cooperation (longer T).

5. High normative value 7,, i.e. conformity, should, counter-

intuitively, destabilize cooperation (shorter T).

6. Increasing the number of factions should decrease

cooperation and increase turnover of dominant factions
and/or oscillations in power and production.

7. High initial inequality in power should decrease

stability.

8. Variation in faction-specific endowments, R, should

increase resilience of the society to high inequality.
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Figure 4. The duration of the transient phase 7 (a) and the time to the collapse of cooperation T (b—d) as affected by the number of factions n, benefit b,
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(@ y=0.(0) 7=0. () 71 =0. (d) r=0.

9. The presence of additional resources r not dependent on
cooperation (e.g. natural resources, state rents) should
decrease cooperation.

4. Empirical analysis
4.1. Data and methodological approach

This section looks at the empirical evidence in favour of
hypotheses 2-6. We focus on hypothesis 3, on the effect of
economic horizontal inequality on social unrest. The
unit of analysis is the country-year and the main sample
covers more than 1800 observations on 75 countries between
1991 and 2016.

The model describes the process through which horizon-
tal inequality leads to the breakdown of cooperation between
factions. It, therefore, corresponds more closely to mild forms

of violence that are spontaneous and require minimal
organization. We thus focus on small-scale forms of conflict.
Our dependent variables capture six forms of social
unrest: riots, strikes, assassinations, anti-government demon-
strations, guerrillas and revolutions. With the partial
exception of guerrillas and revolutions, all of these represent
relatively small-scale forms of conflict.

The main dependent variable (Unrest Index) is an index
that gives how many of these six forms of social unrest a
country has experienced within a given year. For example,
if country A has experienced a riot and a strike in year
2005, but not an assassination, a demonstration, a guerrilla
or a revolution, it receives a score of 2. This variable ranges
between 0 and 6.

The measures of riots, strikes, assassinations, anti-govern-
ment demonstrations, guerrillas and revolutions are taken
from Banks” dataset [120] (see the electronic supplementary
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material, for definitions). These variables count the number
of riots, etc., that a country has experienced within a given
year. To compute the Unrest Index, we recode the variables
as six dummy variables that take the value one if a country
experiences at least one riot, etc., in a year. We then add them.

We also run models on these six dummy variables. For
example, in one of the models, we estimate the effect of
horizontal inequality on the probability that a country experi-
ences at least one riot within a given year. We recode the
variables as dummy variables—rather than use the original
continuous variables—to make sure that the results are not
driven by outliers that have experienced a large number of
riots, etc. We show in electronic supplementary material,
table S5, that the results are largely unchanged when we
employ the continuous variables instead.

Our key independent variable is economic horizontal
inequality. It is a Gini coefficient that captures inequality
between ethnic groups based on luminosity data and ethnic
group definitions from Ethnologue [9]. In the electronic sup-
plementary material, we show that the results are largely
robust to the use of two alternative measures of horizontal
inequality (electronic supplementary material, tables S6 and
S7). The model describes the consequences of inequality
between factions. Of course, ethnicity is only one of multiple
possible ways in which factions can be defined. For practical
reasons, we had to focus the empirical analysis on a single
type of faction. Therefore, the sample only covers countries
in which ethnicity is politically relevant according to the
Ethnic Power Relations dataset [121]. In the electronic sup-
plementary material, we show that the results are largely
unchanged when we include all countries, regardless of
whether or not ethnicity is politically relevant (electronic
supplementary material, table S4).

We use rule of law [122] as an empirical proxy for incum-
bency because one function it serves is to ensure politically
powerful elites must obey the same rules as everybody else
[123], thus opportunities to convert political power into econ-
omic power are reduced. The two cultural norms—support
for institutions and conformity—are composite variables of
relevant World and European Values Survey (WEVS) items
(see electronic supplementary material). Support for insti-
tutions is comprised of survey items asking if people have
confidence in the government, political parties, civil service,
armed forces, press and police. Conformity is the reverse of
the well-established ‘autonomy index’ [124], where low
conformity nations value traits like independence and deter-
mination and high conformity nations value obedience and
religious faith. We use principal component analysis to com-
press these multiple items into one-dimensional measures for
both ‘support for institutions” and ‘conformity’. Support for
institutions captures the beliefs that underlie the norm for
‘conformity with the state’ in our model. Likewise, a ten-
dency to conform (and not act autonomously) captures the
belief system that underlie the model’s ‘conformity with
peers’ parameter. Finally, we measure the number of factions
using the country’s number of politically relevant ethnic
groups taken from the Ethnic Power Relations dataset [121].
Table 1 lists the proxies used for the key model parameters.

The analysis controls for variables usually included in
studies of small-scale conflicts: dummy variables for former
British and French colonies, polity score and polity score
squared, ethnic fractionalization [121], GDP per capita
logged and the growth rate [125]. We include the Polity

Table 1. Proxy measures for model parameters.

model variable or parameter its proxy in data

 Gini index for payoffs  horizontal inequality (9]

time to collapse of social unrest [120]
cooperation T
Ty n'zz']” R
subbort for institutions
[12,13]
conformity [12,13]

incumbency €
allegiance to the state 7

* conformity with peers 7

score squared because the previous literature finds that par-
tial democracies (i.e. countries with intermediate polity
scores) are more likely to experience political violence [126].

A limitation with cross-cultural studies like ours is Gal-
ton’s problem: countries with shared cultural histories will
not be fully independent in terms of other measures [127-
129]. Whereas language phylogenies have often been used
as a proxy for cultural proximity [128,129], this approach
would not be appropriate for our framework because our
units of cultural groups are ethnic groups, which often have
different languages and other cultural attributes.

Instead, we focus on geographical proximity. Countries
that are neighbours, for example, are likely to have many of
the same ethnic groups. Moreover, the previous literature
has shown that political unrest often diffuses across neigh-
bours [130]. To account for spatial diffusion, we construct a
variable, Spatial DV, which gives the average social unrest
level of the country’s neighbours within a given year. This
variable is constructed for each dependent variable (Unrest
Index, Riot, etc.). For example, if a country has three neigh-
bours, the Spatial DV in the models in which the dependent
variable is Unrest Index is the average Unrest Index score of
these three countries. In the models using Riot, it is the pro-
portion of them that have experienced at least one riot
during that year. Neighbours are defined as countries that
share a land border or that are separated by a stretch of
water less than 400 miles (data taken from the Correlates of
War Project [131]). We present the data used to measure
the important quantities in detail in the electronic sup-
plementary material. Electronic supplementary material,
table S3, shows basic descriptive statistics.

All models are estimated in STATA. The models in which
the dependent variable is Unrest Index are estimated using
ordinary least squares (command reg in STATA). The
models with the riot, strike, assassination, demonstrations,
guerrilla and revolution dummy variables are estimated
using Probit models (command probit in STATA). All
models include lagged dependent variables. Therefore, we
employ dynamic models, in that they capture the association
between the explanatory variables and changes in social
unrest. In order to address temporal autocorrelation, in
all models standard errors are clustered by country (using
the command cluster) [132]. This enables us to account
for the fact that observations from the same country at
different points in time are not independent from one
another. We present other tests/diagnostics of temporal
autocorrelation in the electronic supplementary material
(tables S10 and S11).
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Unfortunately, the data do not enable us to test the cycling
relationship implied by the model. Ideally, we would have an
exogenous time-variant instrument for horizontal inequality
that we could use in two stage estimations. However, we are
not aware of any instrument for horizontal inequality that is
exogenous to social unrest. Some authors have used the ratio
of land suitable for sugar production and wheat production
as an instrument for vertical inequality [133]. Countries with
more land suitable for sugar production have tended to be
more unequal historically than those that produce wheat.
There are at least three problems with using the sugar-to-
wheat land ratio in this study: (i) it is an instrument for vertical
inequality, not horizontal inequality; (i) it fails the exogenous
requirement—Iland endowment affects social unrest through
mechanisms other than horizontal inequality; and (iii) it is
not time-variant, so it would not enable us to test the cycling
relationship implied by the model.

In fact, there is virtually no variation in horizontal
inequality within the relatively short period under study
(25 years), which makes it difficult to test the cycling relation-
ship. There are two reasons why measures of horizontal
inequality show little within-country variation. First, the
data are imperfect. The main measure is based on inequality
in luminosity between regions inhabited by different ethnic
groups, which does not change much in time.

Second, and perhaps more importantly, inequality is
highly sticky within countries over time [19,134]. Apart from
the dynamics described by our model, most other explanations
for changes in inequality go back to major events such as
major wars, the way different countries have been colonized,
the political institutions that were in place, for example, in
the middle age, resource endowment, etc. Short of major
events, inequality (vertical and horizontal) does not change
much in the short run. Houle [83], for example, constructs a
measure of horizontal inequality using survey data covering
more than 20 years. This measure also changes very little
across survey-waves (which are conducted in different years)
within the same countries, even though each survey-wave
relies on different respondents. Even major events rarely
have an immediate effect on inequality. For example, transition
from autocracy to democracy has been found to only affect
inequality in the very long run, notably because most of its
effect operates through educational opportunities, which
only translate into income changes once individuals have com-
pleted their education [135].

Therefore, we believe that the dynamic relationship
implied by the model operates in the long run, while our
data only enable us to look at the correlation between hori-
zontal inequality and social unrest in the short run. This
empirical analysis thus only presents correlational support
for the predictions and mechanisms implied by the theoreti-
cal model. We cannot be sure that our results are not
driven by some form of endogeneity between social unrest
and the explanatory variables of interest, particularly hori-
zontal inequality. At the same time and as we have noted,
horizontal inequality is highly sticky within countries
within the short time period of our data. This suggests that
most of the correlation between horizontal inequality and
social unrest is driven by horizontal inequality, rather than
the other way around.

In fact, most previous studies on horizontal inequality
and social unrest use an estimation strategy similar to ours
and many assume that horizontal inequality is unchanged

over several decades [38,81-83]. Thus, although our empirical m

approach has limitations, it is consistent with the literature.

Not only does the lack of within-country variation make it
difficult to use techniques such as instrumental variable esti-
mation, but it also prevents us from including country fixed
effects. Moreover, regardless of within-country variation,
country fixed effects would not be optimal in small time
panels like ours [136] and the inclusion of both country
fixed effects and lagged dependent variables creates bias,
known as the Nickell bias [137].

4.2. Empirical results

Our main results are shown in table 2. All models report
robust standard errors clustered by country. Consistent
with hypothesis 3, we find that horizontal inequality is posi-
tively correlated with Unrest Index, riots, revolutions and anti-
government demonstrations. The coefficients on assassina-
tions, strikes and guerrillas are of the (positive) predicted
sign, but are not statistically significant.

Figure 5 illustrates the magnitude of the associations for
each dependent variable. The first panel gives the predicted
Unrest Index score across horizontal inequality values. The
six other panels give the predicted probability that a given
country experiences at least one riot, etc., across all horizontal
inequality levels. All other explanatory variables are kept at
their median. For example, the predicted Unrest Index score
of a country with a horizontal inequality value at the 10th
percentile of the distribution (0.165) is 0.97, while the pre-
dicted score of an identical country with a horizontal
inequality value at the 90th percentile (0.888) is 1.289. Impor-
tantly, these predicted values give differences within a single
year. In the long run, we would thus expect countries with
high horizontal inequality levels to be cumulatively more
unstable than the latter.

The electronic supplementary material reports multiple
robustness tests of the association between horizontal inequal-
ity and social unrest. Specifically, the results are largely
robust when we: (i) extend the sample to countries in which
ethnicity is not politically relevant (electronic supplementary
material, table S4); (ii) use a different operationalization of
the dependent variables (electronic supplementary material,
table S5); (iii) use alternative measures of horizontal inequa-
lity (electronic supplementary material, tables S6 and S7);
(iv) omit countries with horizontal inequality values at
either extremes (electronic supplementary material, tables S8
and S9); and (v) employ alternative strategies to address
temporal autocorrelation (electronic supplementary material,
tables 510 and S11).

On balance, we also find evidence consistent with
hypotheses 2, 4 and 6: countries with robust rule of law
(hypothesis 2) are more stable, while those with higher
conformity values (hypothesis 4) and more factions/ethnic
groups (hypothesis 6) are more unstable. To our knowledge,
we are the first to document a positive association between
conformity values and political unrest. The association
between the number of ethnic groups and unrest is also
interesting given that ethnic and religious fractionaliza-
tion has been found to bear no relationship with political
violence [84]. The evidence in favour of hypothesis 5 is
much weaker as we fail to find any significant correlation
between respect for institutions and unrest. Although never
statistically significant, for some forms of unrest—such as
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Table 2. Determinants of social unrest. All models are run with STATA. Model 1 is run using ordinary least squares (with the command reg) and models 2-7  |Jli
using Probit estimations (with the command probit). All independent variables are lagged. Robust standard errors clustered by country in parentheses.
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assassinations—respect for institutions is indeed related with
less instability. However, it is positively correlated with other
forms of instability, such as guerrillas.

As expected, political instability among neighbours is
usually associated with political instability at home. There
are several mechanisms that could drive this correlation. As
discussed above, political instability may diffuse across neigh-
bours. Moreover, neighbours may share a common culture,
which makes them likely to experience similar forms of
social unrest. Finally, neighbours may share similar character-
istics, such as economic structures or dependence on
international superpowers, which renders them vulnerable to
the same political and economic shocks. Although the variable
Spatial DV is too broad to distinguish different mechanisms, it

serves as a control for spatial autocorrelation and shared cul-
tural histories, enabling estimation of the association between
horizontal inequality and political unrest.

4.3. Discussion

Recent discussions, supported by data analysis, have ident-
ified economic, social, and political inequality between
identity groups as a possible threat to the stability of
society [5,16-19,21,24,35-39,81-83]. Here we have modelled
cooperation and conflict in a society composed of multiple
factions engaged in economic and political interactions. We
explicitly assumed that politically powerful factions are
attempting to shape the rules of economic interactions to
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Figure 5. Effect of horizontal inequality on the predicted probability that a country experiences social unrest in a given year. Shaded areas represent 95% confidence

intervals.

their own advantage. Our model showed how inequality aris-
ing among factions that otherwise wish to cooperate led
to conflict, at least until new elites emerged in the model’s
dynamic cycle. Our model captures the effects of rule of law,
social norms of support for the state and conformity with
peers. It also makes predictions regarding the effects of the
number of factions in the society, initial inequality in power,
heterogeneous endowments and resources, and the presence
of additional resources available for redistribution among the
elites independently of the success of collective action.

Our work represents the first attempt to mathematically
model the effects of horizontal inequality on social dynamics.
Our models include a number of factors which are firmly
established as crucial drivers of human decision-making
but nevertheless have not received due attention in the litera-
ture on horizontal inequality. More generally, we have
expanded the theoretical tool kit of evolutionary game
theory by developing a novel approach in which agents are
engaged in two separate games: an economic game about
material resources and a political game about the power to
set the rules of the economic game. While earlier work
used static or statistical models, our inherently dynamic
approach shows how the growth in inequality and break-
down in cooperation develop in time. Our model is thus
able to predict relevant time scales rather than just the direc-
tion (positive/negative) of various effects. An interesting
feature of the joint dynamics of cooperation and inequality
revealed by our model is their inherently cyclic behaviour
(as illustrated in figures 1 and 2).

The model predicts that growing inequality tends to lead
to the collapse of cooperation between factions, which could

then trigger conflict. This process can be impeded by several
mechanisms. One is the decoupling of political and economic
power through rule of law, which prevents a ‘power grab’
leading to dangerous levels of inequality. Our model indi-
cates, that a social norm for allegiance to the state also
delays factional conflict, whereas a social norm for confor-
mity with other factions hastens the onset of conflict by
facilitating a cascade of defections. Division of the society
into multiple factions decreases its stability. One additional
mechanism is heterogeneity in endowments between the fac-
tions, which makes societies more stable to the negative
effects of inequality by giving incentives to powerful factions
to cooperate with the state. The availability of certain mate-
rial resources that can be acquired by the state without
cooperation with other factions makes societies less stable
(resource curse).

We tested some of the predictions of the theoretical model
using country-year data from 76 countries between 1991 and
2016. Our main finding is that, consistent with our model,
horizontal inequality is associated with social unrest, which
we employ as a proxy for the breakdown of cooperation
between factions. With the exception of the predicted associ-
ation between respect for institutions and political instability,
the evidence is consistent with the core predictions made by
the model.

Although our results are very encouraging, there are a
number of data-related considerations for future work. First,
and perhaps most importantly, the current horizontal
inequality data do not enable us to access the direction of
the causality in the relationship between horizontal inequal-
ity and political instability. As noted above, we believe that,
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since inequality (including horizontal inequality) is highly
sticky within countries, the relationship captured in our
analysis is mainly driven by the effect of horizontal inequality
on instability within the short period of time we study. How-
ever, having horizontal inequality data for longer periods of
time would enable one to better capture the nature of the
relationship. To be clear, this limitation is shared by almost
all previous large-N quantitative studies of horizontal
inequality and political violence, although in our case it pre-
vents us from testing the cycling relationships predicted by
the model. Developing horizontal inequality data spanning
longer time periods should thus be a priority for future work.

Second, we do not have ideal measures for all variables
included in the model. Most notably we use rule of law as a
proxy for the decoupling of economic and political power.
However, the rule of law is probably too broad because it
serves a number of different functions. For example, the rule
of law may promote a dynamic private sector economy,
which in turn would decrease political instability. This
relationship is not directly captured by the model.

Our modelling work adds to the general knowledge
on the relationship between horizontal inequality and
instability in a number of ways. First, it provides a general
framework for describing the dynamics of this relationship.
It also characterizes the importance of economic, cultural
and social factors, including legal checks and balances, cul-
tural allegiance to the state, and conformity which are
factors not commonly emphasized in the literature on
horizontal inequality. Our model makes quantitative pre-
dictions about the effects of parameters on various
characteristics including the time-scales involved.

On the empirical side, we tested several hypotheses emer-
ging from interpreting our modelling results. We make two
main empirical contributions. First, we test the association
between horizontal inequality and low-scale conflicts, rather
than complex conflicts such as civil wars or coups. Our theor-
etical model is more closely related to low-scale conflicts
because it focuses on the breakdown of cooperation between
factions. The second contribution is that we assess novel cul-
ture-based hypotheses, notably regarding the role of social
norms like conformity and institutional confidence.

It is well established in the cross-national quantitative lit-
erature that ethnic fractionalization is statistically unrelated to
the probability of political violence, regardless of whether
one looks at large-scale or small-scale forms of violence
[82,84,85]. This result is confirmed in our analysis: ethnic frac-
tionalization is statistically insignificant in three out of seven
models, and when it is significant, it is associated with less
unrest. This finding is often seen as a puzzle since the case
study literature shows that most civil wars are fought along
ethnic or religious lines. Our results suggest that it is not
ethnic fractionalization per se that matters but whether ethni-
city is politically salient. Horizontal inequality could be one
of the factors that increase the salience of ethnicity. In the
light of this literature, our results on the number of ethnic
groups is also interesting. They suggest that it is the total
number of groups, not ethnic fractionalization, that is associ-
ated with political instability.

Social norms and institutions are a ubiquitous component
of our social life and decision-making [66,138,139]. While
there is a growing number of theoretical studies in economics
and cultural evolution that account for psychological or
sociological factors [96,98,140,141], these efforts have not

led so far to falsifiable predictions in studies of social conflict
that distinguish between material and non-material forces
[41]. Our model offers such predictions. Moreover, historians
have argued that some societies become more successful
and/or stable than others due to their social norms and insti-
tutions [142]. Our theoretical and empirical results support
these conclusions.

Our model was intended to describe states that rely on
large-scale cooperation between its segments operating
under largely stable economic and political rules. Adapting
the model to other types of societies, e.g. those relying on a
forced transfer of resources and goods up a social hierarchy,
is an interesting direction for future work. Horizontal
inequality was a factor in some prehistoric economic organiz-
ation and chiefdoms [143]. In contrast to our model, cycles of
breakdown in complexity of early societies [144-149] are typi-
cally driven by deaths of the rulers, exogenous events, or
certain demographic processes [74,150] that we did not con-
sider here. Some data suggest that conflict among feudal
elites—landlords, clerics, kings, and officeholders—gave
rise to capitalism itself [150]. Our modelling framework
might be useful for describing these processes.

More generally, data show that while inequality within
human civilizations has generally increased from the Stone
Age to today [5], significant reductions in inequality have
repeatedly occurred, each typically preceded by violent
events [4,5,151]. As high inequality becomes unsustainable,
it becomes reduced again by wars, social strife and/or
revolutions [4].

We did not model the (violent) conflict between the fac-
tions explicitly but only a necessary condition for it—the
breakdown of cooperation between factions. Nevertheless,
in our model the factions switching to opposition reduced
the maximum amount of benefits potentially available
to the ruling elites punishing them as a result. More generally,
the presence of counter-elites can not only decrease the
overall benefit but also increase the costs of production.

Our models can be generalized in a number of ways. For
example, one can add a normative ‘bonus’ to a faction’s effec-
tive effort y; for being in the opposition [62] or impose a
material penalty on defecting factions as a result of some
kind of ‘punishment’ administered by the state. One can
allow for political concessions from the state [47,48,91], effects
of foresight [152,153], and/or social learning [154] in
decision-making. One can make utility of conformity depen-
dent on ‘affinity’ between factions which in turn can depend
on the history of past decisions. We modelled bounded
rationality of our agents in a simple way using myopic best
response subject to errors. Recent approaches using for-
ward-looking agents or the ‘theory of mind’ (reviewed in
[153]) suggest added complexity to incorporate into future
revisions of our model. We used an S-shaped production
function aimed to capture the law of diminishing returns in
economics in a simple form. From game theoretic work, we
know that the shape of production function can affect the
resulting dynamics and equilibria. We treated parameters 7,
and 7, as constant. Support for the state and the level of con-
formity could be a function of inequality within society,
however. In our model, we have treated each faction as a
single unit which makes or not a fixed contribution to the
production of collective goods. In reality, factions are com-
posed of individuals and can have certain structure.
Factions can decide how much effort/resources to invest
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into competing for power, and it may not be optimal to invest
all resources, especially when the chance to increase the share
of the collective good in the next stage is slim. The presence of
vertical inequality within factions can have a significant effect
to their propensity to remain loyal to the state or to rebel
[27,28,155]. The effects of these additional important forces
and factors remain to be explored. The methods of exper-
imental economics have proved to be useful in uncovering
patterns and processes of human decision-making both at
the individual level [156,157] and at the group level
[158,159]. Our model is relatively simple and thus might be
amenable to experimental implementation. It would be inter-
esting to test its predictions in an experimental set-up.
Overall, sharpening the focus of theoretical work will be
hardly possible without additional empirical data to validate
and parametrize the models.

There are also limitations to this study in articulating a
model simulation with real-world statistics aggregated at
the scale of nations, which do not match simulation results
in a one-to-one fashion. To address this, future studies
could test the model results more directly, either at the scale
of experimental psychology under controlled conditions, or
potentially using detailed historical data. This could correct
for the approximate connections we make between rule of
law as an empirical proxy for incumbency, for example.
Future models will also address questions of endogeneity
and reverse causality.

Our findings have important implications in light of the
economic consequences of the COVID-19 pandemic. Research
shows that the coronavirus has increased inequality, particu-
larly inequality between ethnic groups worldwide. Low
income households have experienced larger income
reduction and the effect has been more pronounced among
certain ethnic groups, often those that were already disad-
vantaged before the pandemic [160-162]. Moreover,
according to the World Bank, more than 80 million people
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“Inequality between identity groups and social unrest,” Journal of
Royal Society Interface, by Christian Houle, Damian Ruck, Alexan-
der Bentler and Sergey Gavrilets.

Below:
e Part 1 provides electronic supplementary modeling (pp.3-8),
e Part 2 explains data analysis and shows robustness test (pp.8-21),
e Part 3 shows additional simulation results (p.22).

Table lists model variables, functions, parameters and statistics.



Table S1: Model variables, functions, parameters and statistics.

Symbols | Their meaning
Variables T faction effort (x; =0 or x; = 1)
fi faction power (0 < f; <1, fi=1)
Functions X number of cooperating factions, X = > x;
P(X) | normalized production function, P = ﬁﬂxg
R; faction’s payoff, R; = RY + [v;(B + nbP(X)) — c|z;
v; faction’s share of the collective good, v; = Zf fo;J
Ui faction’s effort in the political game, y; = R;(1 — e + ¢f;)
u; utility function for the state faction: ug(xs) = Rs(zs) + noxs
for a non-sate faction: u; = R; + [no + n1 (22 — 1]a;
T average effort among the non-“state” factions, £ = %
Parameters n, RY number of factions and their endowments
B,b,c | benefit and cost parameters
Xo, K half-effort and steepness parameters of the production function
€ incumbent strength parameter
7o normative value of conforming with the “state”
m normative value of conforming with peers
A precision parameter in the QRE approach
v udpate probability
v, 0 initial inequality in power and inequality in endowment
o standard deviation of the stochastic perturbation of power
) cost of changing action
Statistics from model T time to the collapse of cooperation
G Gini index computed using factions’ payoffs R;
Statistics from data GDP | GDP; proxy for R
E horizontal inequality; proxy of G
1 social unrest; proxy of T
D rule of law; proxy of
S support for the state; proxy of ng
C conformity; proxy of n;




Part 1. electronic supplementary Modeling

1.1 Additional details on numerical simulations

Stochasticity. In our model, faction i chooses to cooperate (i.e. x; = 1) with probability

1
14 exp[A(u;(0) —u;(1))]

pi (S1)
Otherwise it defects. (This is a model with logit errors (I)).) Here w;(0) and u;(1) are the corre-
sponding utilities (defined by equations 4 of the main text), and A is a (non-negative) precision
parameter which captures the errors and stochasticity in the economic game.

We also allow for stochasticity in the political game by perturbing the effective effort: y; — y; +
1, where 1 is a number drawn randomly and independently from a truncated normal distribution
with zero mean and small variance o2.

Initial conditions. For generating the initial distribution of power and the distribution of en-
dowments we use a “broken stick” distribution (2]). Specifically, we randomly divide the interval
[0, 1] into n intervals by generating n — 1 independent random values from a uniform distribution
on [0,1]. Let ; be the length of the ith interval produced by this process.

Initial power of the ith faction is set to f;i(0) = (1 —7) £ +~k;, where 0 < < 1 is a parameter
measuring the initial inequality in power. If 4 = 0, each faction has the same power 1/n initially.
If v = 1, the initial power distribution is the “broken stick” distribution.

The endowment of faction 7 is set as R? = ¢ + oK, where k; is a random number from the
“broken stick” distribution (generated independently from that used for initial power) and ¢ > 0
is a parameter measuring the amount of resource distributed unequally. That is, each faction gets
an equal endowment ¢ plus a share k; of the extra amount p.

Statistics. The time T to the first collapse of cooperation was measured as the time until X
becomes < 1 for the first time. If this never happens T is set to the length of simulations (i.e.,
T = 4000). The duration of the transient period 7 in the dynamics of the Gini index G is defined as
the first time moment 7 such that the average of Gini index G(t) for ¢t between 7 and T is equal the
G(r): G(r) = ZtT:T G(t). That is, for ¢ > 7, Gini index can be seen as randomly fluctuating
around the mean value G(7). Figure 1 in the main text marks 7 and 7" with green and red stars,
respectively.

1.2 Additional information on numerical results

Simpson index. The turnover of dominant factions was measured by the Simpson diversity index
in Figure 3c of the main text. Let y; the the proportion of time that faction ¢ was most dominant,
> y; = 1. The Simpson index is defined as

!
Syt

For example, if only one faction, say the first, was in power, y; = 1,3, = 0 for all « > 1, then
S = 1. If each faction was most dominant an equal amount of time, then y; = 1/n, and S = n. To
exclude periods of instability when the identities of the most dominant factions change rapidly, we
considered only the time when the power of the most dominant faction fiax > 1.05/n.
Periodicity. To find the period of fluctuations illustrated in Figure 3d of the main text, we
used the data on the power of the most dominant faction. Specifically, we first computed the

S (S2)
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Figure S1: Examples of the dynamics observed with inequality in endowments. Two runs with G = 8,b = 32,29 =
0.5, = 0.01,y = 0,m0 = 0,m1 = 0,5 = 0.25,k = 2,v = 0.5,A = oo and p = 0.1. Factions are sorted by their
endowment from the smallest (on top) to the highest (at the bottom).

corresponding autocorrelation function using Matlab command autocorr and then found its first
peak using Matlab command findpeaks with MinPeakHeight=0.05 and MinPeakDistance=15.
Figure [S1| shows examples of possible dynamics with differences in the endowment of factions.

1.3 Analytical results

To get a better intuition about for the model, it is illuminating to consider several special cases
assuming infinite precision.

Zero production equilibrium. At a system state with zero production (i.e. with all z; = 0),
nobody is motivated to switch to cooperation if B+ nbP(1) < ¢+ 4, that is, of the total cost of the
effort and switching the state is larger than the total benefit. The latter inequality can be rewritten

as
nb

c+0—B

Note that this condition is never satisfied if B > ¢+ §, that is, if the society’s natural resource B
is large enough.

Threshold effect. Each elite benefits from cooperation only if its power is larger than a critical

value. Otherwise it is in its direct material interests to move to the counter elite. Specifically, a

cooperating faction i is motivated to switch to defection if v;(B + bnP (X)) — ¢ < —6, which is the

same as
Ji< B+an Zf]’ (S4)

where the sum is taken over the set C' of all currently cooperating factions including the focal
faction i. See (3)) for a review on collective action problem in heterogeneous groups.

<1+ Xj. (S3)



Dynamics of power with fixed production. To see the trends in the dynamics of power,
let us assume, for a moment, that factions keep cooperating regardless of their power is (i.e., that
all z; are set to 1). We consider three cases separately.

No incumbency effect: € = 0. If the incumbency effect is absent (i.e., if ¢ = 0), then the
distribution of power converges to a unique equilibrium at which the power f; of each faction is
proportional to its endowment.

So see this, first notice that with ¢ = 0, y; = R;. To simplify notation, let @ = bnP(n) be the
total production assuming that all n factions cooperate. Then

SR=Y (R -0)+ > [iQ=(R"— )X +Q,

f-/: RZ' _ R?—C'FfiQ
YR O (RO—o)X+Q

where R = R? /n is the average baseline resource. Thus, the dynamics of powers f; are described
by a system of linear difference equations. Its equilibrium solution is

f-*:l R?—c
" pn RY—¢’

(S5)

which is feasible if R® > c. If R® = ¢ (which requires that R? = ¢ for all j), the power distribution
does not change from its initial values.

Mazimum incumbency effect: € = 1. In this case the system quickly evolves to an equilibrium
state where one faction has all power. There can be up to n such equilibria. Which particular
faction becomes dominant depends on initial powers and endowments.

To see this, first notice that with ¢ = 1, so that y; = R;f;. Then the distribution of power
changes according to the system of difference equations

,__ Rifi
i 723'ij3"

The latter equation is a discrete time version of the selection (replicator) equation with power f;
being analogous to the gene frequency and resource R; to its fitness. In biological terminology,
selection is linear positive frequency-dependent. In this case, all power quickly concentrates on one
of the factions. Which faction it is depends on initial conditions and the base-line resource levels.
From equations , it is straightforward to show that the state, where faction k has all the power,
is locally stable if for all ¢ #£ k,

(S6)

RY < R) + Q.

If all factions have equal endowments, the system will quickly move to a state where the domi-
nant faction is the one with the highest initial power.

0 ; i fi _ Rifi R _ v _ fi fi _ ﬁQ
For example,, let R; = c for all ¢. In this case, F =R and R = = F- Thus, 7= (fj) .

We conclude that all power (and resource) will quickly concentrate on just one faction which has
the highest power initially.



Let R? # ¢ for all ¢ but there are just two cooperating factions. Then, writing f1 = f, fo =1—f,

Ry =R} —c+fB, Ro=R)—c+ (1 - f)B,

f/ — le
Rif + Ro(1—f)’
I pir Ri — Ry e o BI-R3+(2f-1)B
At equilibrium, f =0,f =1, or f = f* = 2 + B Rl. If the last equilibrium is feasible (i.e.

0 < f* <1), it is unstable and f evolves to 0 on 1 depending on initial conditions. Otherwise the
system evolves to a state where the faction with the largest endowment becomes dominant.

Intermediate incumbency €. With arbitrary e, y; = R;(1 —e+¢f;). We can get some analytical
progress for a number of special cases of the model.
First, assume that R? = c for all 7. If all n factions cooperate, then R; = f;Q and

(2 S Y
where S = Zj fill—e+efj)=1—¢e+ a—:Zsz The above system of equations is identical to

those describing a model of symmetric, linear positive frequency-dependent selection with fitness
1 —e+ef; and parameter € measuring the strength of selection (and the corresponding time-scale).

Note also that ) f7 = nf? = n(f2 +var(f)) = 2 + nvar(f). Then

filli =22 1)

Afi=fi—fi=¢ 5

If e < 1, then S & 1, and we can use a differential approximation A f; ~ df L=cfi(fi—> ff) =
efi(w; —w), where w; = f;,w =Y w;f;. That is, we end up with the standard replicator equation

().

Also, for any contributing factions ¢ and j,

ﬂ:ﬁ l—e+ef;
i fi 1—e+efy’

so that if € > 0 and f’ < 1, then / < % This shows once again that the most powerful faction
J

will keep increasing 1ts power at the expense of all other factions.
Let faction 1 have power f and each of the other n — 1 factions have smaller power }L;_{ Then

2
3 fj2 =f2+(n-1) (H) . Assuming that ¢ is small and using the differential approximation as
above,

af 2 ( —f) 2 1 1-7F
Sl e -p (1o — =),

> - f(f e e (et

This can be solved explicitly for ¢t = t( f) which can be looked at graphically.

Assume that there are only two factions. First, let their endowments are equal: RY = RY = c.



Then

Ry =fB,
Ry =(1-f)B,
f/: f(l—e+ef)

fl—e+efl+ Q- fHll—e+e(d - f)]
p_posfa=nei-y
1—2f(1—-f)

The last equation is analogous to the model of underdominant selection. The equilibria are f =
0,f =1/2 and f = 1. The middle one is unstable while equilibria f = 0 and f = 1 are locally
stable.

Second, let R = R) = R% > c¢. Define A = R® — ¢ > 0. Then

2f=Df(1 = f)eB - A1 —¢)]
Bll—2f(1-f)]+A2-¢) °

Thus, at equilibrium f =1/2or f(1—f) = A(1—¢)/(¢B). The right-hand side of the last equation
must be smaller than 1/4 for the existence of two more equilibria which is the case if

fef=

L _4a valently. if = < L _€
£ —_— I 1 11 I — — .
AA 4 g Ob cauvalemtly, g < g T

In this case, the equilibrium f = 1/2 is locally unstable and the system evolves to one of the other
two equilibria depending on initial conditions. With smaller e, the system equilibrates at f = 1/2
for all initial conditions.

Third, let RY —c =6 >0, R) — c=0. Then f changes according to equation

(1-NIf@f —1)eB+6(1—e+ef)]
Bll—-2f(1—-f)]+d(1l—ec+ef)

-t =

Thus, there is one equalibrium at f = 1 and we have a quadratic equation for the two other equi-
libria: 2Bex? — ¢(B — 0)x + §(1 — &) = 0. The latter has two roots between 0 and 1 if § < B
(the difference in endowments is smaller than what can be obtain from the collective good) and
€ > %I;’%W (the incumbent effect is strong, so that initial difference in power can be protected
even with less endowment). It cannot have just one root between 0 and 1. The existence of two
roots implies the dependence on initial conditions. Otherwise, the first faction (which has the

largest endowment) will always dominate.

Finally, consider a general case: R) —c=A+4/2, R)—c=A—§/2 with A > 0,0 < §/2 <A.
Then f changes according to equation

f(l—f)(2f—1)€B+§[1—€+2€f(1—f)]—A(l—é‘)@f—l)'

f—f= B[l —2¢f(1— f)] +3(2f = 1) + A2 —¢)

Let us denote the numerator of the above expression as G(f).
One can show that G(0) = (1 —¢)(A+0) > 0,G(1) = —(1 —€)(A = §) < 0, so that there is
always one equilibrium. If it is the only equilibrium, it must be stable (because function G(f) will



be decreasing at it).

For G(f) to have 3 positive real roots, it is necessary that 6 < 3B/2,§ < BP/2 + #
(Descartes’ rule of signs, p.40 in Spravochnik). This is always the case for small enough 4.

Note that G(1),G'(1),G"(1),G"(1) < 0. Then, using Budan-Fourier theorem, the number of
roots between 0 and 1 is equal to the number of sign changes (or that minus two) in the sequence:

G(0) =(1 — £)(2A +8) > 0,
G'(0) =—eB —2A(1 —¢) + &4,
G"(0) =4¢(3B - 9),

G"(0) = — 24¢B < 0.

If G’(0) and G”(0) have the same sign, there is only one change in signs, so there is only one root
between 0 and 1. Same happens if G'(0) is positive but G”(0) is negative. A necessary condition
to have 3 roots is, thus, that —eB — 2A(1 —¢) 46 < 0 but 3B — § > 0. These conditions can be
rewritten as § < min(Q + 2A%, 3Q). So, there can be one or three equilibria for f. In the latter
case, the outcome depends on initial conditions.

Summarizing, with an intermediate incumbent effect (i.e., if 0 < € < 1), analyses of models
with just two factions show that depending on the difference in endowments, the system can have
a single globally stable equilibrium or two locally stable equilibria. In the former case, the faction
with a higher endowment will always have a higher power at equilibrium. In the latter case, the
final state of the system depends on the initial distribution of powers. This outcome is promoted
if the difference in endowments (i.e. |R) — RJ|) is small relative to what can be obtained from
production (i.e. bnP(X)) and the incumbent effect € is strong, so that initial differences in power
can be decisive in defining the dynamics. In this case, the faction with a smaller endowment can
still dominate if it is able to “take advantage” of the initial power imbalance. The time-scale of the
model dynamics is mostly controlled by parameter .

Expectation for the general dynamics. On the basis of these results we can expect specific
dynamics in the general case. Let precision be infinite (i.e., A = o0). Assume that all factions
cooperate initially and that the incumbent effect is absent (i.e. ¢ = 0). Then the system will
equilibrate at a particular state (see above). Assume that the incumbent effect is present (i.e.
e > 0). Then if factions have equal endowments, as within-group power inequality grows, they will
one by one move to the opposition until only one or zero factions make efforts. In the former case,
the system will state in this state indefinitely. In the latter case, power equality among factions
will be immediately restored and they once again start contributing to production. This will be
the start of a new cycle of growing inequality eventually leading to the collapse of cooperation. If
factions have different endowments, the system may either cycle or equilibrate at a particular state.
In evolutionary biology models, even small advantages in fitness can lead to the establishment of
advantageous types in the population. Because resource levels here are analogous to fitness in
the replicator equation, we expect that even relatively small differences in endowments will have
significant effects on the dynamics of power. If we add stochasticity to the model (i.e., if A < c0),
the system can jump between different attractors.



Part 2. Data Analysis

2.1 Data
Social unrest

The dependent variables capture different forms of social unrest: riots, strikes, assassinations,
anti-government demonstrations, guerrillas and revolutions (5)). Riots are defined as “Any violent
demonstration or clash of more than 100 citizens involving the use of physical force” (User-Manual,
p.11); anti-government demonstrations as “Any peaceful public gathering of at least 100 people for
the primary purpose of displaying or voicing their opposition to government policies or authority,
excluding demonstrations of a distinctly anti-foreign nature” (Ibid.); general strikes as “Any strike
of 1,000 or more industrial or service workers that involves more than one employer and that is
aimed at national government policies or authority” (Ibid.); revolutions as “Any illegal or forced
change in the top government elite, any attempt at such a change, or any successful or unsuccessful
armed rebellion whose aim is independence from the central government” (Ibid.); guerilla warfare
as “Any armed activity, sabotage, or bombings carried on by independent bands of citizens or
irregular forces and aimed at the overthrow of the present regime” (Ibid.); and assassinations as
“Any politically motivated murder or attempted murder of a high government official or politician”
(Ibid.). Our main dependent variable (Unrest Index) gives how many forms of instability a given
country has experienced. We also run regressions on six dummy variables that capture whether
a country has experienced at least one riot, assassination, strike, guerrilla, revolution and anti-
government demonstration within a given year.

Horizontal inequality

We measure horizontal inequality using ‘ethnic inequality’ data from (6]), which calculates a Gini
index to equals 0 when all ethnic groups have equal wealth and 1 when they are maximally unequal.
It uses night time luminosity as proxy for the economic development of small sub-national areas,
then calculates ethnic inequality by comparing the average luminosity of regions inhabited by
different ethnic groups. Though alternative measures of horizontal inequality exists (7H9), we use
Alesina’s ‘ethnic inequality’ measure because it offers measurements for 98 nations from the WEVS
and correlates with standard measures of vertical inequality (6).

The ethnic composition of geographical areas is taken from two data sets, Geo-Referencing
of Ethnic Groups (GREG) and Ethnologue, each having different strengths. Ethnologue do not
account for the major migrations during the last 500 years, which means GREG has is more detailed
for the Americas and Australasia. However, Ethnologue is more fine-grained generally, offering more
detail in Africa and Asia. To see how these differences effect our analysis, we use both Ethnologue
(Table 2) and the GREG (Table measures of horizontal inequality.

There are a number of data issues with measuring horizontal inequality (10). Therefore, we
repeated our analysis using an alternative measure of horizontal inequality that estimates the
income of different ethnic groups within each country using self-reported survey responses (9)).
This measure is different to Alesina’s data is three main respects: it uses raw survey data at the
individual level; is limited to only democratic countries and uses an alternative formulation of
inequality (not the Gini index).



Rule of law

We measure ‘Rule of Law’ using the World Bank’s Worldwide Governance Indicators (I1)). From
survey data, it encapsulates perceptions that the rules and laws of a nation are being followed, with
a focus on the police, the courts, contract enforcement and property rights. Using an Unobserved
Components Model to parsimoniously combine data from over thirty data sources, the ‘Rule of
Law’ indicator is z-scored with most values falling between -2.5 and 2.5.

Conformity and support for institutions

World and European Values Survey data. We measured normative cultural values using
the World and European Values Survey (WEVS) (12, 13 which combined consist of the same 64
questions, over a 25 year period, administered to 476,583 participants from 109 unique nations. The
surveys were administered in 5 waves at 5 year intervals, beginning in 1990. Not all nations were
available for each wave of the survey, nonetheless 84,/109 were still asked the same 64 (ordinal scale)
questions more than once. Missingness was limited (1.6%), so mean imputation was sufficient, prior
to data processing.

Principal Component Analysis. We the selected WEVS items that encapsulate the concepts
of conformity and support for institutions. Support for institutions is defined using questions
asking if respondents have confidence in their nations parliament, civil service, government, police,
political parties, press and armed forces. Similarly, we defined conformity using questions asking
what parents considered valuable traits for their children: obedience and religion (conformity) and
independence and determination (anti-conformity). The WEVS item for conformity were chosen
to match the well established autonomy index (14]) which is the reverse of conformity.

This gave us an eleven dimension matrix, which we compressed using principal component anal-
ysis. We found that two components explain 45% of the total variation and each were interpretable
as conformity and support for institutions using the component loadings, i.e. the correlated WEVS
items (table. Therefore, we used PC1 to measure ’support for institutions’ and PC2 to measure
‘conformity’.

Table S2: Principal Component Analysis: component loading matrix

PC1: support for inst. PC2: conformity

Confidence: Parliament 0.83 0.03
Confidence: Civil Service 0.74 -0.01
Confidence: Government 0.80 -0.02

Confidence: Police 0.66 -0.04

Confidence: Political Parties 0.76 0.07
Confidence: Press 0.57 -0.02

Confidence: Armed Forces 0.55 -0.18
Child Qualities: Obedience -0.01 0.66
Child Qualities: Religion -0.06 0.64
Child Qualities: Independence -0.02 -0.60
Child Qualities: Determination 0.01 -0.47
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Number of Groups

Number of Groups gives the country’s number of politically relevant ethnic groups. It is taken from
the Ethnic Power Relations dataset (L5]).

Former British and French Colony

Former British Colony and Former French Colony are dummy variables that take the value one if
a country is a former British/French colonies. They are taken from Bodea et al. (16]).

Polity Score and Polity Score Squared

The Polity score is a measure of democracy that ranges from -10 to 10, where -10 indicate full
autocracy and 10 full democracy.

Ethnic Fractionalization

Our measure of Ethnic Fractionalization is taken from the Ethnic Power Relations dataset (15). It
gives the probability that two randomly selected citizens of the country are members of different
ethnic groups.

GDP per capita and Growth

We use GDP per capita in constant 2010 U.S. dollars from World Bank data (17)). It is logged. We
calculate the (one-year) growth rate using GDP per capita.

Table [S3| gives basic descriptive statistics for each variable included in the analysis.

Table S3: Descriptive Statistics

Mean Median Std. Dev. Min. Max.

Social Unrest Index 1.115 1 1.303 0 6
Riots 241 0 428 0 1

Assassinations 124 0 331 0 1

Strikes 107 0 .309 0 1

Guerrillas 141 0 .348 0 1

Revolutions 128 0 335 0 1
Demonstrations 371 0 483 0 1
Horizontal Inequality 512 .b37 281 0 979
Rule of Law .061 -.154 969  -1.852 2.100
Conformity .094 .051 455 -1.051 1.114

Respect for Institutions .007 -.063 466 -1.023 1.806
Number of Groups 5.247 4 6.576 1 47
Former British Colony 271 0 444 0 1
Former French Colony  .067 0 .251 0 1
Polity Score 4.572 7 6.195 -10 10

Ethnic Fractionalization 391 .356 .260 .004 .899
GDP pc (logged) 9.216 9.279 1.001 6.549  11.274
Growth  3.005 3.078 6.151 -61.236 105.439
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Figure S2: Residuals associated with Model 1 of Table 2.

2.2 Regression results

This section presents a number of robustness tests. First, in Table 2, we only include countries in
which ethnicity is politically relevant. In Table [S4] we show that the results are unchanged when
we widen the sample to countries in which ethnicity is not politically salient. Second, in Models 2-7
of Table 2, we employ dummy variables as our dependent variables. For example, the Riot variable
takes the value one if a country has experienced at least one riot within a given year. In Table
[S5l we redo the analysis with count variables that give, for example, the number of riots a country
has experienced within that year. These models are ran using Ordinary Least Squares (using the
command reg in STATA). Results are unchanged.

Third, in the main analysis, we use the horizontal inequality data of Alesina et al. (6) based on
the ethnic classifications from Ethnologue. In Table [S6| we redo the analysis with their horizontal
inequality measure based on the ethnic classifications from the Geo-Referencing of Ethnic Groups
(GREG). In Table we repeat our analysis using an alternative measure of country-level horizon-
tal inequality, constructed by Houle based on self-reported income and ethnic identity from survey
data (9). One disadvantage of this dataset for our purpose is that it only covers democracies (since
it was developed to study democratic breakdowns). On balance, results are somewhat weaker,
but the effect of horizontal inequality on the main dependent variable (Unrest Indexr) remains
statistically significant at the 5% level.

Fourth, to make sure that the results are not driven by outliers on horizontal inequality, Tables
[S9| and exclude observations with horizontal inequality values above the 95th percentile and
below the 5th percentile, respectively. Results are stable.

Fifth, in all models, we cluster standard errors by country to address issues of temporal auto-
correlation, i.e. observations for the same country at different points in time are not independent
of each other (I8)). Here, we adopt two additional strategies to address temporal autocorrelation.
First, in Table we redo Table 2 using Prais—Winsten estimations, which accounts for serial
correlation of type AR(1). Unlike Models 2-7 of Table 2, these are linear models. At the bottom of
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Table S4: Determinants of Social Unrest — Includes Countries in which Ethnicity is not Politically Relevant

Dependent Variables

Index Riot Assass. Strike  Guerrilla  Revol.  Demonst.
(1) (2) (3) (4) (5) (6) (7)
Lagged DV .502 967 1.001 .993 1.779 1.799 .758
(.029)%**  (.087)***  (L096)***  (.121)*** (123)*** (.140)*** (.078)***
Spatial DV 201 914 .580 971 ATT -.159 763
(.036)***  (L137)***  ((225)***  (.234)*** (.289)* (:212) (.138)***
Horizontal Inequality .389 .510 .269 .249 .352 496 484
(128)%**  (A77)*** (:212) (.228) (:278) (.226)** (174)%*
Rule of Law -.203 -.237 -.324 -.099 -.208 -.162 -.200
(.055)***  (.088)***  (.082)*** (.097) (.092)** (.085)* (.070)***
Conformity 189 .026 .229 189 .392 301 .235
(.098)* (.134) (.142) (.186) (.168)** (.171)* (.123)*
Respect for Institutions .007 .042 -.190 .006 214 120 -.083
(.081) (.127) (:129) (:178) (.151) (:132) (.105)
Number of Groups 017 .013 .018 .009 .021 .007 .034
(.005)*** (.009) (.009)** (.007) (.006)*** (.008) (.005)***
Former British Colony .062 .228 .228 .256 -.069 -.265 133
(.116) (.144) (.147) (.174) (.191) (.192) (.144)
Former French Colony .016 .011 .067 118 197 -.150 -.106
(.074) (.091) (.182) (.159) (.162) (.160) (.109)
Polity Score .020 .016 .033 .049 .022 .005 .017
(.006)*** (.010) (010)***  (.012)*** (.011)* (.010) (.009)**
Polity Score sq. -.002 -.003 -.002 -.0009 -.004 -.002 -.004
(.001) (.002)* (.002) (.003) (.002)* (.002) (.002)**
Ethnic Fractionalization -.071 -.004 -.304 -.503 A11 -.074 -.167
(.141) (.218) (:232) (:299)* (.270) (.244) (.186)
GDP pc (logged) .208 .262 .073 .030 .253 -.088 .335
(.042)***  (.065)*** (.068) (.083) (.071)*** (.074) (.055)**
Growth -.004 -.003 -.008 -.012 -.001 .003 -.011
(.003) (.003) (.005)* (.006)* (.006) (.006) (.004)***
N 2228 2228 2228 2228 2228 2228 2228
Log-Lik. -3146.59 -999.45 -646.952 -657.487 -563.796 -498.739 -1201.702

Note: Redoes table 2 with all countries, including those in which ethnicity is not politically
relevant. All models are ran with STAT A. Model 1 is ran using Ordinary Least Squares (with
the command reg) and models 2-7 using Probit estimations (with the command probit). All
independent variables are lagged. Robust standard errors clustered by country in parentheses.
*p<0.1; **p<0.05; ***p<0.01.
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Table S5: Determinants of Social Unrest — Continuous Dependent Variables

Dependent Variables

Riot Assass. Strike Guerrilla Revol. Demonst.
(1) (2) (3) (4) (5) (6)
Lagged DV 316 461 .628 .192 1.196 172
(.043)*** (.103)*** (.097)*** (.058)*** (.198)*** (.041)**
Spatial DV 225 152 147 127 -.068 .075
(.040)*** (.123) (:219)*** (.036)*** (.196) (.045)*
Horizontal Inequality 1.097 485 .605 N 934 993
(-390)*** (.472) (:553) (.780) (.412)** (.321)***
Rule of Law -.158 -.531 .092 -.841 -.245 -.267
(.179) (.206)*** (:229) (:271)*** (.170) (.148)*
Conformity 310 758 .409 1.064 .838 .359
(.293) (.277)%** (.391) (.483)** (.350)** (.198)*
Respect for Institutions -.0005 -.328 -.288 AT 317 -.320
(.231) (:273) (:348) (:328) (:230) (-201)
Number of Groups .027 .035 .020 .038 .016 .042
(.014)* (.016)** (.014) (.019)** (.014) (.014)**
Former British Colony 376 418 .599 -.160 -.657 .345
(.262) (.295) (.345)* (.410) (.368)* (.224)
Former French Colony -.055 .090 275 .190 -.374 -.108
(.234) (.434) (.302) (.473) (.291) (.181)
Polity Score .018 .066 .073 .094 .007 011
(.019) (.020)** (.025)*** (.025)*** (.018) (.017)
Polity Score sq. -.003 -.004 -.001 -.016 -.004 -.002
(.004) (.004) (.006) (.007)** (.004) (.003)
Ethnic Fractionalization -.280 -1.151 -.928 397 =117 -.349
(:377) (.500)** (.601) (.648) (:395) (-335)
GDP pc (logged) .335 -.042 -.082 .693 -.142 519
(.128)*** (.147) (.191) (:207)*** (.123) (124)**
Growth -.004 -.024 -.006 .0004 -.011 -.021
(.008) (.008)*** (.028) (.013) (.009) (.008)***
N 1889 1889 1889 1889 1889 1889
Log-Lik. -1717.202  -912.89  -799.334  -1155.253  -686.379  -2548.226

Note: Redoes table 2 with slightly different dependent variables. They give the number of riots,
assassinations, etc., that a country has experienced within a given year. All models are ran with
STAT A and Ordinary Least Squares (with the command reg). All independent variables are
lagged. Robust standard errors clustered by country in parentheses. *p<0.1; **p<0.05; **p<0.01.
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Table S6: Determinants of Social Unrest — Uses the GREG measure of Horizontal Inequality of Alesina et al. (€).

Dependent Variables

Index Riot Assass. Strike  Guerrilla ~ Revol.  Demonst.
(1) (2) (3) (4) (5) (6) (7)
Lagged DV .500 971 1.010 951 1.746 1.811 .755
(.031)*** (.092)***  (101)***  (.137)*** (.125)** (.148)*** (.079)***
Spatial DV 207 975 .b81 1.137 .402 -.223 817
(.039)*** (.150)*** (.245)** (.258)*** (.302) (.220) (151)***
Horizontal Inequality 408 .b78 241 .294 .b58 .708 .353
(.197)** (.277)* (.313) (.366) (.412) (.347)** (.291)
Rule of Law -.180 -.210 -.298 -.033 -.197 -.138 -.174
(.065)*** (.100)** (.095)*** (.119) (.100)** (.092) (.082)**
Conformity .246 .067 273 .282 .446 381 .288
(.112)** (.143) (.150)* (.204) (.184)** (.185)** (141)*
Respect for Institutions -.004 -.002 -.142 -.008 .229 191 -.094
(.099) (.150) (.133) (:215) (.169) (.136) (.120)
Number of Groups .020 .016 .019 .013 .020 .006 .036
(.005)*** (.009)* (.009)** (.007)* (.006)*** (.008) (.004)***
Former British Colony .087 277 225 328 =077 -.272 145
(.125) (153)* (.149) (177)* (.194) (.199) (.161)
Former French Colony .047 .056 .074 .100 229 -.012 -.105
(.102) (.096) (.229) (.171) (.183) (.172) (.124)
Polity Score 017 .012 .036 .044 .021 .005 .013
(.007)** (.011) (O11)***  (.013)*** (.012)* (.011) (.009)
Polity Score sq. -.002 -.002 -.002 -.0003 -.004 -.002 -.003
(.002) (.002) (.002) (.003) (.002) (.003) (.002)
Ethnic Fractionalization -.021 .051 -.280 -.446 .087 -.001 -.116
(.157) (.232) (.232) (.317) (.269) (.225) (.203)
GDP pc (logged) 202 .250 .062 .004 267 -.059 333
(.047)** (.075)*** (.079) (.090) (.073)*** (.070) (.062)***
Growth -.004 -.002 -.011 -.008 -.00006 -.010 -.011
(.003) (.005) (.006)* (.008) (.008) (.005)* (.005)**
N 1889 1889 1889 1889 1889 1889 1889
Log-Lik. -2704.828 -864.008 -581.181 -548.559  -518.19 -453.106 -1042.124

Note: Redoes table 2 with the GREG measure of horizontal inequality of Alesina et al. (6). All
models are ran with STAT A. Model 1 is ran using Ordinary Least Squares (with the command
reg) and models 2-7 using Probit estimations (with the command probit). All independent
variables are lagged. Robust standard errors clustered by country in parentheses. *p<0.1;

**p<0.05; **p<0.01.
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Table S7: Determinants of Social Unrest — Uses the Measure of Horizontal Inequality of Houle (9).

Dependent Variables

Index Riot Assass.  Strike  Guerrilla  Revol.  Demonst.
(1) (2) (3) (4) (5) (6) (7)
Lagged DV 470 .965 .897 .949 1.734 1.478 .693
(.045)*** (132)***  (L138)***  (.163)*** (:201)*** (.230)*** (.096)***
Spatial DV .238 .995 1.100 .922 -.007 -.405 1.060
(.058)*** (184)***  (.327)***  (.321)*** (.421) (.282) (.183)***
Horizontal Inequality 112 .076 -.088 141 205 212 .003
(.048)** (.073) (.053)* (.075)* (.065)*** (.056)*** (.081)
Rule of Law -.331 -.550 -.279 -.242 -.402 -.192 -.299
(117)%** (174)%** (.160)* (.134)* (.159)** (.158) (.115)***
Conformity 427 221 .507 488 .865 .660 .706
(:132)*** (.188) (175)***  (.201)** (.285)*** (.235)%** (.170)***
Respect for Institutions 432 .535 -.154 .361 .988 911 .245
(:134)*** (.213)* (-201) (.280) (:275)*** (191)%** (.135)*
Number of Groups .059 .063 .042 .042 .076 072 077
(.013)*** (.022)***  (.017)** (.017)** (.021)%** (.017)*** (.015)***
Former British Colony -.066 .209 .263 .256 -.366 -1.182 -.043
(.148) (.208) (:217) (.206) (:262) (.207)*** (.196)
Former French Colony .088 .661 279 -1.008 121
(:251) (.332)** (:393) (.329)*** (-240)
Polity Score -.006 -.043 .075 -.008 .056 .003 -.035
(.011) (017)**  (.025)*** (.014) (.015)*** (.013) (.016)**
Polity Score sq. -.0001 .003 -.003 .007 -.009 -.004 .001
(.002) (.003) (.004) (.005) (.004)** (.003) (.003)
Ethnic Fractionalization -.241 -.325 -.490 -.844 -.066 -.206 -.466
(-180) (:258) (:311) (.383)** (.444) (.378) (-240)*
GDP pc (logged) .364 .592 .0003 .093 .636 -.130 466
(.109)*** (151)%** (.169) (.138) (.163)*** (.159) (.121)%**
Growth -.001 .001 -.018 -.014 -.007 -.011 .002
(.005) (.010) (.006)*** (.010) (.009) (.008) (.008)
N 1144 1144 1144 1144 1144 1144 1144
Log-Lik. -1649.717 -507.675 -339.79 -365.512 -280.597 -274.073 -621.716

Note: Redoes table 2 with the measure of horizontal inequality of Houle (9). This dataset
includes only democracies. All models are ran with STAT A. The Former French Colony is
dropped from Models 3-4 due to lack of variation. Model 1 is ran using Ordinary Least Squares
(with the command reg) and models 2-7 using Probit estimations (with the command probit). All
independent variables are lagged. Robust standard errors clustered by country in parentheses.

*p<0.1; **p<0.05; **p<0.01.
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Table S8: Determinants of Social Unrest — Excludes Observations with Horizontal Inequality values below the 5th
Percentile of the Distribution.

Dependent Variables

Index Riot Assass. Strike  Guerrilla ~ Revol.  Demonst.
(1) (2) (3) (4) (5) (6) (7)
Lagged DV .490 .959 987 933 1.748 1.767 745
(.032)*** (.094)***  (L100)***  (.136)*** (.127)** (.150)*** (.081)***
Spatial DV .206 1.019 .636 1.123 .396 -.232 .802
(.041)**> (157)**> (.249)** (.258)*** (:312) (.229) ((155)***
Horizontal Inequality .460 425 178 215 D71 .668 D73
(177)** (.211)** (.263) (.278) (.314)* (.289)** (.230)**
Rule of Law -.191 -.200 -.307 -.029 -.225 -.138 -.160
(.067)*** (.099)** (.098)*** (.116) (.104)** (.094) (.080)**
Conformity 218 .062 228 .263 .369 .306 .263
(111)** (.142) (.153) (.204) (174)** (.186)* (.132)**
Respect for Institutions -.029 -.014 -.180 -.026 173 .150 -.119
(.099) (.146) (.137) (.216) (.165) (.138) (.120)
Number of Groups .019 .016 .018 .011 .019 .004 .035
(.005)*** (.009)* (.009)** (.008) (.006)*** (.009) (.005)***
Former British Colony .079 .251 241 .302 -.031 -.244 122
(.131) (.153) (.153) (.175)* (.192) (.199) (.161)
Former French Colony .028 -.005 .059 .054 238 -.053 -.109
(.083) (.092) (.218) (.176) (.174) (.160) (.120)
Polity Score .019 .012 .035 .042 .020 .005 .016
(.008)** (.011) (011)***  (.013)*** (.012)* (.012) (.009)*
Polity Score sq. -.002 -.002 -.002 -.0002 -.004 -.002 -.003
(.002) (.002) (.002) (.003) (.003) (.003) (.002)*
Ethnic Fractionalization -.035 .030 -.228 -.455 129 -.049 -.176
(.167) (.245) (.243) (.326) (.287) (.264) (.220)
GDP pc (logged) 215 221 .081 -.022 302 -.067 344
(.051)*** (.076)*** (.079) (.091) (.068)*** (.078) (.066)***
Growth -.003 -.003 -.008 -.009 .002 -.010 -.009
(.003) (.005) (.006) (.008) (.008) (.006)* (.005)**
N 1791 1791 1791 1791 1791 1791 1791
Log-Lik. -2581.922 -836.117 -567.402 -543.961 -495.836 -439.067 -988.139

Note: Redoes table 2 without observations with horizontal inequality values below the 5th
percentile of the distribution. All models are ran with ST AT A. Model 1 is ran using Ordinary
Least Squares (with the command reg) and models 2-7 using Probit estimations (with the
command probit). All independent variables are lagged. Robust standard errors clustered by
country in parentheses. *p<0.1; **p<0.05; **p<0.01.
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Table S9: Determinants of Social Unrest — Excludes Observations with Horizontal Inequality values above the 95th
Percentile of the Distribution.

Dependent Variables

Index Riot Assass.  Strike  Guerrilla  Revol.  Demonst.
(1) (2) (3) (4) (5) (6) (7)
Lagged DV 488 974 1.012 972 1.756 1.766 .705
(.033)*** (.099)***  (.102)***  (.135)*** (.122)*** (153)** (.076)***
Spatial DV 222 1.049 .554 1.183 377 -.164 .813
(.040)*** (1B6)***  (.249)**  (.278)*** (.312) (.227) (.162)***
Horizontal Inequality .b42 .522 327 .502 597 .816 .626
(161)** (.205)** (.270) (.287)* (.322)* (.253)%** (.219)***
Rule of Law - 187 -.231 -.297 .012 -.211 -.105 -.195
(.066)*** (101)**  (.099)*** (.120) (.102)** (.093) (.082)**
Conformity 211 .033 .261 232 457 .258 227
(117)* (.144) (.161) (.207) (.194)** (.189) (.141)
Respect for Institutions -.029 -.004 -.140 -.081 .248 .061 -.109
(.096) (.145) (.146) (.217) (.170) (.145) (.120)
Number of Groups .017 .015 .017 .011 .017 .002 .033
(.005)*** (.009)* (.009)* (.007) (.007)** (.009) (.005)***
Former British Colony 116 .364 .225 377 -.079 -.252 .208
(.129) (.149)** (.152) (.178)** (.201) (.202) (.168)
Former French Colony .030 .094 .070 129 176 -.106 -.069
(.087) (.095) (.220) (.174) (.195) (.164) (.119)
Polity Score .018 .014 .035 .048 .022 .0004 .015
(.008)** (.012) (011)***  (.013)*** (.012)* (.012) (.009)
Polity Score sq. -.001 -.001 -.002 -.0003 -.003 -.001 -.002
(.002) (.002) (.002) (.003) (.002) (.003) (.002)
Ethnic Fractionalization -.162 -.091 -.310 -.638 -.118 -.265 -.262
(.155) (.240) (.251) (.341)* (.267) (.240) (.217)
GDP pc (logged) .190 .248 .061 -.048 .263 -.159 .351
(.057)** (.079)*** (.087) (.098) (.084)*** (.081)** (.073)**
Growth -.005 -.003 -.011 -.009 -.0007 -.010 -.012
(.003) (.005) (.006)* (.009) (.008) (.005)** (.005)**
N 1788 1788 1788 1788 1788 1788 1788
Log-Lik. -2544.426 -796.964 -553.51 -510.585 -479.314 -422.337 -979.779

Note: Redoes table 2 without observations with horizontal inequality values above the 95th
percentile of the distribution. All models are ran with ST AT A. Model 1 is ran using Ordinary
Least Squares (with the command reg) and models 2-7 using Probit estimations (with the
command probit). All independent variables are lagged. Robust standard errors clustered by
country in parentheses. *p<0.1; **p<0.05; **p<0.01.
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Table S10: Determinants of Social Unrest — Prais—Winsten Regressions

Dependent Variables

Index Riot Assass. Strike  Guerrilla  Revol.  Demonst.
(1) (2) (3) (4) (5) (6) (7)
Spatial DV .269 .257 .104 225 .018 -.078 .286
(.047)** (.047)** (.058)* (.065)*** (.051) (.060) (.048)***
Horizontal Inequality .891 171 .087 .072 175 .192 .245
(.277)* (.068)** (.064) (.051) (.103)* (.077)** (.083)***
Rule of Law -.322 -.082 -.079 -.022 -.071 -.012 -.073
(115)** (.035)** (.024)* (.026) (.034)** (.027) (.031)**
Conformity 441 .011 .067 .028 131 .088 103
(.213)** (.054) (.034)** (.045) (.057)** (.046)* (.058)*
Respect for Institutions -.060 .001 -.031 .008 .053 .029 -.052
(.175) (.057) (.031) (.050) (.057) (.045) (.046)
Number of Groups .033 .006 .005 .001 .007 -.0003 .013
(.012)*** (.004)* (.004) (.002) (.003)** (.003) (.002)***
Former British Colony 118 112 .040 .066 -.034 -.113 .055
(.247) (.064)* (.040) (.050) (.070) (.056)** (.072)
Former French Colony -.006 .015 .006 .017 .061 -.061 -.050
(.148) (.035) (.063) (.041) (.078) (.058) (.048)
Polity Score .026 .004 .009 .008 .007 -.0004 .004
(.013)* (.004) (.002)*** (.004)** (.004)* (.003) (.004)
Polity Score sq. -.003 -.0008 -.0005 .0003 -.001 -.0002 -.001
(.003) (.0007) (.0005) (.0005) (.0006) (.0007) (.0008)
Ethnic Fractionalization -.182 -.003 -.091 -.109 -.010 .011 -.096
(.308) (.096) (.062) (.090) (.096) (.072) (.088)
GDP pc (logged) 316 .093 .025 -.008 .078 -.041 138
(.097)** (.027)%** (.021) (.017) (.028)*** (.024)* (.028)***
Growth -.005 -.001 -.002 -.001 .0003 -.001 -.003
(.003) (.001) (.001)* (.0009) (.001) (.0007) (.001)**
Durbin-Watson statistic 2.066 1.993 1.982 1.938 2.024 2.036 1.985
N 1889 1889 1889 1889 1889 1889 1889
Log-Lik. -2701.213 -875.746 -424.102 -349.013 -269.209 -150.441 -1086.776

Note: Redoes table 2 using Prais—Winsten Regressions. All models are ran with ST AT A using
the command prais. Lagged dependent variables are dropped. All independent variables are
lagged. Robust standard errors clustered by country in parentheses. *p<0.1; **p<0.05; ***p<0.01.
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Table S11: Determinants of Social Unrest — Detrended Data

Spatial DV .185
(.038)***
Horizontal Inequality 1.336
(.266)***
Rule of Law -1.321
(.342)%**
Conformity 1.754
(2.334)
Respect for Institutions -.599
(.999)
Polity Score -.003
(.020)
Polity Score sq. .004
(.002)**
GDP pc (logged) -1.382
(.822)*
Growth .003
(.003)
N 1814
Log-Lik. -2953.561

Note: Redoes Model 1 of Table 2 detrended data. Ran with ST AT A, using Ordinary Least
Squares (command reg). Variables that are time-invariant are dropped. All independent variables
are lagged. Robust standard errors clustered by country in parentheses. *p<0.1; **p<0.05;

kK k
p<0.01.
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Table we report Durbin-Watson statistics. Durbin-Watson statistics range can range from 0 to
4, where 2 indicates no serial correlation. In the models, the Durbin-Watson statistics range from
1.938 to 2.066, indicating that there is no serial correlation at the 5% level of statistical significance.

Second, in Table we follow Turchin and redo Model 1 of Table 2 with detrended data (19)).
We cannot do the same for the other models of Table 2 because they use binary dependent variables.
Also, all time-invariant variables are dropped from the analysis (including the number of ethnic
groups). Horizontal inequality continues to fuel social unrest, while the rule of law reduces it. The
effect of conformity remains positive but falls out of statistical significance, probably because values
change slowly in time and are unlikely to have an immediate effect on social unrest. The residuals
associated with Model 1 of Table 2 are shown in Figure [S2] We cannot plot the residuals for the
other models because they are tested using nonlinear estimation and the dependent variables are
binary.
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Part 3. Additional numerical results

The graphs shown here (http://neko.bio.utk.edu/~sergey /Unrest /summary.html) illustrate addi-
tional simulation results for varying parameters n, b, e and A. The values of the first three parameters
are shown under each graph. The graphs are arranged in 4 sections corresponding to A = 5, 10, 20
and oo which are specified at the beginning of each section. There are 4 graphs in each row corre-
sponding to 4 independent runs of the model (out of 100 runs done for obtaining statistics). Other
parameters are the same as in Figure 2 of the main text.
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