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Abstract

This paper studies a model of “pivotal protesting,” in which citizens act in order to
change the outcome rather than to collect private benefits. We show that, when citi-
zens face repeated opportunities to protest against a regime, pivotal protesting entails
complex dynamic considerations: the continuation value of the status quo influences
the citizens’ willingness to protest today. Thus, a mere change in expectations about
the future may trigger a revolt. The same logic often induces a pattern of protest
cycles, driven by a novel source of inefficiency: an expectation that a protest will take
place tomorrow can excessively sap incentives to coordinate on protesting today. Thus,
potential protests crowd each other out. This can lead to a form of collective procras-
tination: access to more opportunities to protest can lower the citizens’ welfare, as

collective action becomes inefficiently delayed.
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1 Introduction

The timing of mass protests often appears random and is hard to predict: outpourings of
anger often manifest grievances that have simmered for years or decades. In some instances,
protests arrive in cycles, repeatedly swelling and waning even with no major change in
fundamentals that would explain the pattern. For example, the Chilean protests in 2006,
2008, 2011, and 2019 were sparked by minor events such as changes to subway fares, but in
fact responded to long-standing issues of low funding for education, economic inequality and
disenfranchisement, as reflected in the chant: no son 30 pesos, son 30 anos (“it’s not about
30 pesos, it’s about 30 years”) (Borzutzky and Perry, 2021).

Moreover, when patterns of protest do follow fundamentals, they often respond to such
things as current well-being and the threat or promise of future changes, rather than swings
in the private benefits available to participants, which rational choice models of collective
action would consider paramount (Tullock, 1971; Olson, 1965; Lichbach, 1995). For instance,
the 2019-2020 protests in Hong Kong were triggered by the introduction of a proposed bill
that would have allowed extraditions to mainland China. Similarly, Ukraine’s 2013-2014
Euromaidan protests were sparked by Yanukovych postponing a promised integration agree-
ment with the European Union, and instead seeking closer ties with Russia. Protesters, when
asked, articulate such forward-looking rationales: “If we don’t succeed now, our freedom of
speech, our human rights, all will be gone.”!

In this paper, we present a novel theory that provides a unified explanation for these
stylized facts. We study a model of repeated protests in which citizens can attack the regime
(protest, mobilize) in each of many periods, and receive information about the potential gain
from doing so in each period.? Our model uses the machinery of global games (Carlsson and
Van Damme, 1993) and is in many ways canonical.®> The key driver of our results is that, in
our model, the citizens are not motivated by private benefits, but (at least partly) by their
own agency: the probability that their participation will be decisive.

The model yields a constellation of intuitive results that resonate with the substantive
literature but are hard to obtain in conventional formal models of mass protest. Citizens

motivated by their own agency respond not to the expected probability that a protest will

https://www.reuters.com/article/us-hongkong-protests-radicals/now-or-never—hong-kong-
protesters-say-they-have-nothing-to-lose-idUSKCN1VH2JT

2In keeping with the literature on protests, we will speak of a regime and protesters seeking regime change,
but the model applies equally to movements seeking major policy changes in democracies by non-electoral
means.

3In global games, first used to study coordination games such as currency attacks (Morris and Shin, 1998),
players obtain noisy information (e.g., about regime strength) and then act simultaneously. The inability to
coordinate behavior perfectly due to slight differences in information often yields equilibrium uniqueness.



succeed but to the marginal probability that their participation will change the outcome.
As a result, citizens may participate even if all benefits from protesting are public, while
costs are private. Because public benefits are simply the gap between continuation values
under regime chance and the status quo, protests respond both to the “carrot” of a better
post-revolutionary outcome and the “stick” of an increase in deprivation under the regime
(Gurr, 1970), be it current or expected, and material or, e.g., representational. In particular,
a mere change in expectations can trigger a protest.

Moreover, agency-driven protesting tends to feature cycles of protest, even when funda-
mentals are stable over time. The reason has to do with the fact that citizens display a bias
towards inaction, for two reasons: they do not fully internalize the social benefits of their
participation, and they cannot be sure that others will join them if they protest, since the
citizens’ signals are imperfectly aligned. Under this bias, an expectation that citizens will
coordinate on protesting tomorrow saps incentives to coordinate on protesting today, over
and above their baseline static reluctance to act. Thus, even when fundamentals are high
enough in every period that a protest would occur today if this were the last chance, the
equilibrium features some periods in which citizens coordinate on protesting, and others in
between where the expectation of a near-enough protest in the future crowds out today’s
would-be protest, inducing a form of collective procrastination or paralysis of options. Col-
lective procrastination can be socially inefficient, to the point where citizens would be better
off if future chances to protest were taken away, as this would spur them to act today. In
particular, even when the status quo is steadily deteriorating, protests may arrive not when
they are most profitable or likely to succeed, but when there are no second chances left.

On a technical level, the key difference between our model and existing models of protest
is simply that we assume a finite population. When the population is finite, the participation
of one additional individual citizen has a real—albeit small—probability of being decisive.
In contrast, most models of protest assume a continuous population, in which each citizen
necessarily acts as a pure “price-taker,” who would never act in the absence of private
benefits. Simply assuming any finite population size activates all of the channels that we
focus on. Of course, if the relevant population numbers in the millions, the forces behind
our results, though present, are very small, as each citizen is very unlikely to be pivotal.
But, as we show in Section 6.1, pivotal protesting remains relevant for any population size
if protesters display a modicum of altruism towards their fellow citizens, a form of civic-

mindedness.*

4This point mirrors an observation in the voting literature that rational models of turnout predict unreal-
istically low turnout (Feddersen, 2004), but augmenting such models with a small degree of altruism towards
fellow citizens (Myatt, 2015) or civie-duty motives (Feddersen and Sandroni, 2006) remedies this problem in
a more satisfactory way than models of purely expressive voting, e.g., by correctly predicting that turnout



2 Related Literature

Our paper contributes to a growing literature modeling mass protests as global games. In
many such formal models (Casper and Tyson, 2014; Tyson and Smith, 2018; Bueno De
Mesquita and Shadmehr, 2023), citizens are motivated by private benefits, available only
to those who took part in a successful protest. Other models assume intangible “warm
glow” payoffs from expressing discontent (Persson and Tabellini, 2009; Little, Tucker and
LaGatta, 2015; Egorov and Sonin, 2021). If these payoffs accrue only when the protest
succeeds (e.g. “pleasure in agency”; Wood 2003, Morris and Shadmehr 2023), they operate
similarly to private benefits. In either case, the incentive to participate depends on the size
of excludable benefits and the total (not marginal) probability of success.

In most of this literature, the population is infinite. Each citizen thinks herself powerless
to change the outcome, so her action cannot shift the probability of receiving public benefits.
Therefore, public benefits become irrelevant in the citizens’ strategic calculus.

The upshot of this irrelevance becomes clear in models of repeated global games, which
are closely related to our paper. In Angeletos, Hellwig and Pavan (2007) and Little (2017), an
infinite number of agents—driven by private benefits—choose whether to attack a regime in
each of many periods. The agents, though rational and forward-looking, behave myopically:
information about future opportunities to attack, for example, has no impact on equilibrium
play today. In particular, play in the first period is as in a static global game. The reason is
that continuation payoffs if the game continues are an exogenous windfall from any individual
agent’s point of view. For the same reason, collective procrastination cannot arise.

This contrasts with our results, in which future threats and opportunities play a central
role. A phenomenon reminiscent of protest cycles can arise in Angeletos et al. (2007) and
Little (2017), though for different reasons: these models assume that regime strength does
not change, so agents learn about it over time, both from new signals and from the very fact
that the regime must have been relatively strong if it survived past attacks.

A broader formal literature studies games of regime change with a single opportunity to
attack. The focus is often on how different information structures shape coordination, and
how different groups interact. Hollyer, Rosendorff and Vreeland (2015) and Little (2012),
for example, study how macroeconomic indicators and electoral results respectively can act
as public signals that catalyze coordination. Such signals are generated endogenously in
Casper and Tyson (2014): failed mass protests reveal anti-regime sentiment, inducing elites
to attempt a coup. Boix and Svolik (2013) examine the role of information generated by

power-sharing agreements in coordinating behavior by elites. In all of these papers, as

will be higher in close elections (Blais, 2000).



here, actions are strategic complements. In Tyson and Smith (2018), the regime has both
opponents and adherents; actions are strategic substitutes across groups. Another strand
of the literature considers interventions by the regime to manipulate payoffs or information
(Angeletos, Hellwig and Pavan, 2006; Edmond, 2013).

Although not about regime change, Chassang and Padré i Miquel (2010) and Chassang
(2010) do incorporate forward-looking concerns in a dynamic coordination game. Both
papers study two-player dynamic cooperation games with exit: when one player exits (e.g.,
attacks the other) the game ends. Their model is related to a variant of ours, discussed in
Appendix A.9, in which the game ends when the protest fails rather than when it succeeds.
The assumption that the game ends when cooperation fails leads to different incentives and
results—in particular, cycles and procrastination do not arise.

In another strand of the literature, focused on intra-attack dynamics, there is a single
attack which agents can join at different times (Dasgupta, 2007; Shadmehr and Bernhardt,
2019). In these models, extremists may protest first, but all citizens are tempted to wait and
join a protest later—to gain information from others’ actions and ensure they are not left
as the lone protester. Thus, both free-riding and bandwagoning or cascades (Kuran, 1991;
Lohmann, 1994) are possible. These effects do not appear in our model: since each period

represents a different protest, there is no such thing as joining a protest “later.”

3 The Model

We model a set N = {1,...,n} (n > 2) of citizens who repeatedly choose whether to
“attack” (protest, mobilize) or not. Time is discrete and finite: ¢t € {1,...,T}. The payoffs
from a successful attack in period ¢ are governed by a parameter §; ~ N(u,03), drawn
independently across periods.

The information structure and timing of the game are as follows. At the beginning of
each period t, if the game has not yet ended, Nature draws the value of 6, and then reveals
to each player 7 a signal

Tit = O + €51,

where ¢; ~ N(0,0?) is independent across players and periods.

Each player ¢ € N then simultaneously chooses to attack (a; = 1) or abstain (a; = 0).
These actions result in the regime being overthrown with probability f(l;), where [; = #
denotes the fraction of the population who attack in period t. If the regime falls, the players
receive some terminal payoffs, described below, and the game ends. With probability 1— f(1;),

the game continues in the next period. (At the end of period T, the game ends even if the



regime survives.) We assume that f is smooth, increasing and convex. More formally, f is
twice continuously differentiable; 0 < f(0) < f(1) < 1; f'(I) > 0 and f"(l) > 0 for all [;
and 0 < infic(o,1) f7(I) < supie(q) f”(1) < co. A simple example is given by any quadratic
function, f(l;) = by + bil; + bal?, with by > 0, by, by > 0, and by + by + by < 1.

Payoffs

We assume a common discount factor 6 € (0,1). Letting u; be player i’s flow payoff in
period ¢, we denote i’s discounted payoffs from period ¢ onwards by Uy = >, o707 ",

Flow payoffs are as follows. Each citizen ¢ who attacks in a period ¢ bears_a_ﬂow cost of
attacking ¢ > 0 in that period. If the regime falls in period ¢, then all agents also receive a
one-time payoff §; defined above, and the game ends. If the regime survives in period ¢, all
agents instead accrue a known status quo flow payoff v;, and the game moves on to the next
period.® Note that all agents receive either 6, or v, as appropriate, regardless of whether
they attacked in that period.

Our solution concept is Perfect Bayesian Equilibrium.

Assumptions: Interpretation and Discussion

Our model takes after existing workhorse models of protests in the global games literature.
We depart from the standard assumptions when necessary to obtain a model that clearly
highlights the forces we are interested in. Some of these departures are worth discussing.
First, we assume that the benefits from a successful revolt are public. Although there is
evidence that both private and public benefits matter in practice (Cantoni, Yang, Yuchtman
and Zhang, 2019; Muller and Opp, 1986), models in this literature typically focus on private
benefits (Angeletos et al., 2007; Edmond, 2013; Little, 2017).° In Section 6, we show that
the general logic of our results survives if we allow for both private and public benefits.
Second, the payoff from revolution is affected by the state of the world, #;, but the
probability of a successful revolt, f(l;), is not directly affected by the state. A natural
interpretation is that 6, parameterizes the expected outcome after a revolution—for example,
the ideology or competence of a de facto opposition leader—rather than the regime’s ability

to stave off protesters. This assumption is for simplicity; qualitatively similar results hold if

5As written, the model assumes that, after period T, there are no more protesting opportunities nor
status quo payoffs. We could instead assume that status quo payoffs vy, vpya, ... keep accruing forever if
the regime survives through period 7. Adding such “post-terminal” payoffs is equivalent to bundling them
into the period-T' status quo payoff, i.e., setting vp =3, <, 5Ty,

6An exception is Shadmehr (2021), which also considers altruism as in Section 6.1, albeit in a static
model.



there is uncertainty about the function f, or other payoff parameters such as v; or c.
Third, the probability of a successful revolt, f(l;), is increasing and convex in the size

of the protest. The convexity assumption guarantees that even in the presence of pivotality

concerns actions are strategic complements: the marginal impact of an additional protester

is higher the more protesters there are.”

This assumption best models settings in which
overthrowing the regime is “hard” and requires a large mass of protesters, whereas concavity
of f might be natural if a moderate crowd is sufficient, so there are diminishing returns for
l; large. The model is not intractable if we assume that f is concave—leading to strategic
substitutability—though the equilibrium strategies would involve some degree of mixing, and
procrastination would no longer arise due to fears of miscoordination.®

It is worth comparing our setup to the most popular payoff specification in global games
(Morris and Shin, 1998; Dasgupta, 2007; Angeletos et al., 2007; Shadmehr, 2021; Little, 2017;
Shadmehr and Bernhardt, 2019; Edmond, 2013), in which attackers receive 1 — ¢ if successful
and —c if unsuccessful, but only succeed if [ > 1 — . This specification is inconvenient for
our purposes because it only yields a supermodular game when pivotality concerns—which
are central to our analysis—are absent.” However, much like the canonical framework, our
setup yields a tractable expression for the marginal payoff of protesting, which is the key
object of interest.

Fourth, we assume that regime change ends the game. This assumption is less sub-
stantively restrictive than it might appear: the payoff 6, represents the citizens’ expected
continuation utility from a new regime starting in period ¢ + 1. The new regime could itself
face protests. Such possibilities are all captured by the payoff 6;.

Finally, we assume that the state of the world 6; is drawn independently across periods.
This contrasts with Angeletos et al. (2007) and Little (2017), in which the state is drawn
once. However, our model allows the mean of the state in each period to follow an arbitrary
sequence (p)i—1.. 7. In Section 6 we show that persistent shocks can be accommodated, if
any information about them is commonly observed; the key assumption keeping our model
tractable is merely that the idiosyncratic uncertainty about 6, is transient. (In our analysis,
we focus on the case of o small, so it is substantively unimportant whether the idiosyncratic

shocks are persistent or transient.)

"In a model with no pivotality concerns it is enough to assume that f is increasing.
8Procrastination could still arise due to the free-riding effect discussed at the end of Section 5.
9Technically, fo(l) = 1;>1-¢ is a step function, hence not convex in [.
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Figure 1: Equilibrium payoffs, when there is either one or two opportunities to protest, and
socially optimal payoff, as a function of u.

4 Two-Player Example

To build intuition, we start with a two-player, two-period example (n = 2, T' = 2), with no
status quo payoffs (v, = 0) and constant revolution payoffs in expectation (y; = s = p).
Regime change requires the participation of both citizens: f(1) = 1, f(0.5) = f(0) = 0.
There is a small amount of state uncertainty, and signals are very slightly noisy: oy, o. are

small, with oy >> 0. > 0. We begin by characterizing the social planner’s solution.

Remark 1. If 4 < ¢, then the social planner’s solution is full abstention with probability
going to 1 as gy — 0. On the other hand, if u > ¢, then it is socially optimal to have both
citizens protest in both periods with probability going to 1 as g9 — 0.

The result is intuitive: if #; < ¢, then protesting is socially wasteful. If 6, > ¢, then
protesting generates a net payoff of §; — ¢ > 0 per capita. Moreover, since p; = o and oy is
small, it is almost always better to protest in the first period than to delay until the second
period, as ] —c~ p—c > 6(u— ¢) = §(f, — ¢). The per capita payoff induced by the social
planner’s solution is thus approximately max(u — ¢, 0), as illustrated in blue in Figure 1.

We now consider the noncooperative equilibrium of the game.

Remark 2. For o, small enough, there is a unique'® equilibrium in which each player ¢ protests

at time ¢ if and only if x;; > z;. As gy — 0, the equilibrium outcome (with probability going

10T here is also a non-participation equilibrium, but its existence is knife-edge: it disappears if we make
£(0.5) arbitrarily small but positive. We set f(0.5) = 0 to keep the algebra simple.



to 1) is full abstention if u < 2¢; full protesting in both periods if pu > f—:gc; and protesting
only in period 2 if 2¢ < p < f%gc.

The existence of a unique equilibrium in threshold strategies is standard from global
games. To find the equilibrium thresholds, consider the problem faced by ¢ in period 2 if
she sees a marginal signal x;o = 5. When o, is very small, it is equally likely that the other
citizen has a higher signal than hers (x;, > 23, hence j protests) or not (xj; < x5, hence
j abstains), so i’s expected payoff from protesting is 2 + § — ¢ ~ %2 + 2 — ¢, while her
abstention payoff is zero. Since ¢ must be indifferent at the threshold, = ~ 2¢. Thus, in
period 2, the players obtain the socially optimal outcome only for p > 2¢, as illustrated in
orange in Figure 1.

Consider now period 1. If u < 2¢, the same logic from period 2 dictates that the players
abstain. If p > 2¢, a player ¢ with marginal signal x;; = x] again believes that the other
player will protest only with probability 0.5. But now, the expected payoff from regime
survival is d(p — ¢) rather than 0, as the regime would most likely fall tomorrow. Then i’s
abstention payoff is §(x — ¢), while her protest payoff is %1 + @ —c = %1 + @ —c.
Since ¢ must be indifferent at the threshold, x} ~ d(u — ¢) + 2¢ > 2¢. For players to protest
in period 1 with high probability, their signals must exceed this threshold, i.e., we need
pA 0~ xy > x) &~ 8(u— ¢) + 2¢, which implies p > ¢,

To summarize, when regime change payoffs are very high (u > ?—:gc), the social optimum
is still achieved. When they are moderate (¢ < pu < 2c¢), both citizens (inefficiently) stay
home, due to the familiar fear of miscoordination that arises even in the one-shot game when
signals are slightly noisy. But, in an intermediate region (2¢ < pu < %c), the citizens pass
in period 1 and attack in period 2.

This is collective procrastination. It reflects how an expected successful protest tomorrow
saps incentives to coordinate today. It is inefficient: as seen by comparing the green and
orange payoffs in Figure 1, the players are worse off than if protesting in period 2 were
impossible—as in that case they would coordinate on protesting today instead of tomorrow.

The appearance of collective procrastination hinges on the players’ mutual fear of mis-

11

coordination.”* Our insight is that this well-known source of inefficiencies in static global

games has compounding effects in a dynamic game.

HTo see why, note that if the state were commonly known in each period (o, = 0), then it would be an
equilibrium for the players to follow the social planner’s optimal strategy, which features no procrastination.



5 Analysis

We solve the general game by backward induction from the last period. Suppose the regime
has survived until the beginning of period 7. What is left to play is a static coordination
game, which can be solved using familiar techniques from the global games literature.

Let A;7 be i’s marginal payoff from attacking, given a signal observation x;7 and the

other players’ equilibrium strategies:

Br ==+ £ |(0r—r) (1 (In4 1) = 100 | ] )

where ¢ is the cost of protesting, n is population size, 67 and v are payoffs from regime
change and status quo in period T respectively, f(l) is the probability of regime change
when fraction [ of citizens attack, and Iy = %Z] 2 QT 18 the fraction of the population
who attacks, assuming ¢ abstains. In equilibrium, ¢ must attack if A;7 > 0 and abstain if

A7 < 0. Our first result characterizes the agents’ equilibrium behavior in the last period.

Lemma 1. Assume o, > 0 is small enough. Then the period-T subgame has a unique
equilibrium. In this equilibrium, each player i attacks if and only if x;7 is weakly greater

than a threshold zk (o). As o — 0, x}(0c) converges to a limit x%., which equals
rp =

Some properties of the equilibrium threshold are intuitive: higher costs of protesting ¢
and better status quo payoffs v both drive z7. up, discouraging protesting. On the other

w, which is a measure of the citizen’s “agency,” i.e., the

hand, z7 is decreasing in
likelihood that her participation will be decisive.

That the unique equilibrium is in threshold strategies follows from familiar arguments
for global games. Here is an intuitive derivation of the threshold z%.. A citizen ¢ whose signal
x;r equals xf must be indifferent, i.e., Ay (x%) = 0. When o, is small, x;r is a precise signal
of the state, so 7 believes that 67 is close to z7.. On the other hand, as typically happens
in global games, s signal says very little about where it ranks relative to other citizens’

signals; indeed, 7 expects that the fraction of citizens with higher signals than her own is

approximately equally likely to be 0, ==, ..., =2 or 1."? Because it is precisely those
citizens who will attack, l~T|xiT = 27, may equal 0, %, ..., OT ”T_l, each with probability

12This is a discrete version of the well-known result that, in global games with an infinite population, the
fraction of agents with signals higher than one’s own is uniformly distributed between 0 and 1 (Morris and
Shin, 2003).

10



approximately equal to % Substituting all this into Equation (1),

|
—

Avr(ay) ~ —c+ (ap = vr) f (T)n_ I o ”T)M'

<
Il
o

Setting this expression equal to zero yields the limit threshold from Lemma 1.

Our next observation is that game in all periods can be solved using exactly the same
approach, with one difference. Let Uy, (0., 09) denote each citizen’s continuation payoffs at
the beginning of period t+1, assuming the regime has survived until then. Then ¢’s marginal

utility from attacking in period ¢ is

_ | -
Ajy=—c+F (9t — vy — 60U (0o, 09)) (f (lT + E) - f(lT>> | xit} 5 (2)
because regime change attains the payoff 6, but forgoes both the current status quo payoff v,
and the continuation payoff dU, (0., 0p)—which, in turn, captures future payoffs from both

protests and the status quo. Our next result traces out the consequences of this observation.

Proposition 1. For o. small enough, the game has a unique equilibrium. In it, each citizen
i attacks in period t if and only if x; is weakly greater than a threshold xf(oe,oy).

As o, — 0, we have x} (0., 09) — 23 (09) and U1 (0c,09) — Uysi(0s). And as og — 0,

1} (09) = 17, Uppr(09) — Uspr. The sequence of limit thresholds x%, . .., % and continuation
utilities Uy, ...,Ur) is found by recursively solving the following system of equations for
t=T,T-1,...,1:
cn —
W) e @
T —c+ fMp+ 1= fQQ) (v +6U1)  if > )
;=

FO) e+ (1= £(0) (v +6Upa)  if pu < 7,
taking UT+1 =0.

Per Equation (3) the equilibrium threshold in all periods is as in Lemma 1, but now
accounting for the continuation value 6U,,; of preserving the status quo. Note that, when
o. and oy are both low, x;; is close to u; for most citizens. Then, in periods where p; > zj,
a mass protest takes place (I; =~ 1) and the regime falls with probability close to f(1). On
the contrary, when p,; < x}, almost nobody protests, and the regime falls with probability
close to f(0). This observation underpins Equation (4). Equation (3) then reveals that mass
protests occur precisely in periods where p; — vy > m + 6U41. Thus a high potential

11



gain from regime change, 6, —v; =~ p; —v;, encourages protests, but so does a low continuation
value U 1.

In fact, protests are always welfare-improving in equilibrium: whenever p, > 7, the net
payoff of a mass protest, —c + [f(1) — £(0)](uts — vs — 6U41) (per Equation (4)) is at least
—c+ cn > 0. Then the expectation that citizens will coordinate on a protest in period
t + 1 discourages protests in ¢ by increasing U, 1, while the expectation that citizens will
coordinate on abstention tomorrow spurs protests today. This leads to cycles of protest.

To illustrate, consider the example shown in Figure 2, where n = 10, T =6, f(l) = Hf,

c=0.1, 6 = 0.8, and o, 0y are both small, with o, << gg. We assume p; = 3 and v, = 0 for

all t: regime change and status quo payoffs are constant. Then there should be no reason to
wait for a “better” moment (i.e., higher 6,) to attack; attacks ought to make sense in every

period, or never. Yet, in equilibrium, the citizens condition their actions today on expected

: : : _ _ 0.1x10 __ cn
future attacks, leading to cycles. Indeed, in period 6, p —v =3 > 2 = 05-0 = FO)—F0)"

so there is a protest. But as a result, the continuation value in period 5, 6Us, equals
0.8(—0.1 + 0.5 x 3) = 1.12, a value high enough that it tempts the citizens to abstain in

period 5, as HOBI0)] +6Ug = 3.12 > 3. In period 4, citizens are more impatient because they
would have to wait two full periods for the next protest: §2Ug = 6Us = 0.8 x 1.12 = 0.896,
SO m +6U; = 2.896 < 3, so a protest occurs. By similar logic, the citizens abstain
in periods 2 and 3, and protest in period 1, having a 50% chance of success (f(1) = 0.5)

with each attack.'® In every period of abstention—¢ = 2, 3 and 5—the citizens fall victim
to collective procrastination.

Just as in our two-period example from Section 4, having additional opportunities to
protest can be harmful. For example, conditional on reaching period 5, the citizens’ equilib-
rium utility is 1.12, but it would be 1.4 if protesting in period 6 were impossible, because they
would then coordinate on attacking in period 5. More generally, changes to the environment
which slightly increase the agents’ payoffs given any strategy profile—but discourage them
from protesting—may leave them worse off in equilibrium.

Because the expectation of an imminent attack discourages attacking today, it is generally
true that, if the profitability of attacks is in an intermediate region, attacks arrive in waves
separated by periods of apparent calm, even if the underlying fundamentals—the level of
discontent, the state of the economy, and so on—remain stable. The following proposition

formalizes this argument.

Proposition 2. Suppose the status quo payoff v; equals v for all periods t < T, with vy =

13Note that, because oy is small, citizens effectively know when they will next coordinate on a protest.
When oy is substantial, a similar logic holds in fuzzier form.

12
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Figure 2: Pattern of attacks when the regime change payoff is intermediate: u; = u between
s and p*

1—3.14 Then there are thresholds py < p. < p* such that, for o. << oy small enough:
(i) If uy = > p* for all t, then, in every period, expected protest participation is close to

100%.

(ii) If pp = p < po for all t, then, in every period, expected participation is close to 0%.

(iii) Generically,' if there is n > 0 for which pu; € (s« + n,p* —n) for all t, there are
protest cycles: for T large enough, there are arbitrarily many periods with expected

participation close to 100%, and arbitrarily many with expected participation close to

0%.
Moreover
B cn N v
AT NI
_ cn N dc nf(0) LY
IO RO T T=0f - f(0) T 10
= n n dc nf(0) P
f(1) = f0)  1=46[f(1)— f(0) 14

An important implication of Proposition 2 is that, as 6 — 1, u* — %5 grows without

bound. This means that, if citizens are very patient, cycles of protest are almost inevitable:

14This amounts to assuming status quo payoffs of size v for period T' and all periods thereafter (see
Footnote 5), which keeps continuation values constant over time in case of no attacks.
15The statement is true except for a set of sequences (i) of Lebesgue measure zero.
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protesting in every period becomes impossible unless the payoff to protesting is extremely
high (g > pi*).

Finally, Proposition 3 partially characterizes the model’s comparative statics. It shows
the effects of a marginal change in the parameters—in particular, p or vy—on the incentive

to attack in any period ¢ < ¢/, measured by changes in the equilibrium thresholds z;.

Proposition 3. Consider the generic case in which p; # x; for all t. Assume 0 < f(0) <
f(1) < 1. Then:

(i) A marginal increase in the current or future status quo payoff increases the current
threshold for attack: % >0 forallt' > t.
tl

(ii) A marginal increase in the payoff of future regime change increases the current thresh-

old for attack, but a change in the payoff of current regime change does not affect it:

* *
Ox; Ox;} _

> 0 for allt' >t but o

Oxj  Ozf
v Ty
behind the result is as follows: when the status quo payoff, v/, or the regime change payoft,

Explicit formulas for the derivatives are given in the Appendix. The intuition
[y, increases in a future period ¢’ > ¢, it becomes preferable to let the regime survive at time
t, for a chance to receive this increased payoff at time ¢’. The incentive to attack in period ¢
decreases, and x; increases. Similarly, if 14 increases, the players are incentivized to let the
regime survive today. On the other hand, an increase in y,; has no effect on x;—but makes
players more likely to attack at time ¢, since it increases 6;, and thus the players’ signals
xy. The general message is that an attractive status quo always deters attacks, while an
attractive regime change payoff today encourages attacks now while discouraging attacks in
previous periods.

When information is precise, Proposition 3 characterizes only latent changes in the will-
ingness to attack: for example, if iy < x, then there will be no attack at time ¢, a conclusion
left unaffected by any marginal parameter change. If a parameter changes enough, collec-
tive behavior eventually changes discontinuously, and perhaps simultaneously in multiple
periods. For instance, as vy increases, all the thresholds zf for ¢ < ¢’ smoothly increase,
until one of them crosses p; from below. At that point, the agents would suddenly switch
from attacking in period t to abstaining, and this expectation may in turn galvanize them
to attack in an earlier period, etc.

We finish our analysis with a comparison of the equilibrium with the social planner’s
solution. We show that, in contrast to equilibrium behavior, the social planner only delays

protests if justified by fundamentals (e.g., p; increasing in t).
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Remark 3. In the welfare-maximizing strategy profile, each citizen 7 attacks in period ¢ if x;

is higher than a threshold, which for o, small enough converges to

P = + v+ U, (5)

[£(1) = £(0)]
and abstains otherwise. Moreover,

(i) Citizens’ payoffs weakly increase if u; or v; increase for any t.

(ii) If regime change and status quo payoffs are constant (u; = p; vy = v for all t < T and
vr = 1%5; 09 and o, small), and the regime never falls without a protest (f(0) = 0),

then either there is an attack in every period (if u > Fo—ro] T =5
attacks (<).

) or there are no

Per Equation (5), the social planner uses the same threshold for action as is used in the
equilibrium of our main model (cf. Equation (3)) if there were a single citizen (n = 1).
Part (i) of Remark 3 implies that, in the social planner’s solution, there is no inefficient
procrastination: a higher continuation payoff is always weakly beneficial, as the social planner
chooses to wait only when waiting is the best option. Part (ii) reveals that there are no
spurious cycles: if fundamentals are stable, then the social planner has the citizens always
attack or never attack.

The gap between the social planner’s solution and the noncooperative equilibrium (com-
pare Equations (3) and (5)) stems from two distinct forces: fears of miscoordination and
free riding. That free riding might play a role is not surprising, since each citizen does not
internalize the benefits her participation bestows on other citizens. But free riding is not
always the main culprit. To see why, recall our two-player example from Section 4, in which
f(1) = 1 and f(0.5) = f(0) = 0. There, if there is full information (o, = 0), the social
planner’s solution is also a noncooperative equilibrium. Indeed, since full participation is
required to win (f(0.5) = 0), free riding is impossible: a citizen cannot gain from abandoning
her partner when both are supposed to protest. Thus, the source of equilibrium inefficiency
when o, > 0 is solely that each citizen cannot know for sure if her partner will join her.

More generally, the degree of collective action and resulting inefficiency in i) the social
planner’s solution, ii) the equilibrium under full information, and iii) the equilibrium with
noisy information stem from the players’ effective agency in each case, which compare as

follows:

JU)-f0) > f<1>—f("‘1) > 1W-JO (©)

—_— n n
. ) —_——
social planner’s agency ~ -

citizen’s agency, noisy information

Vv
citizen’s agency, full information
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Indeed, the planner can shift participation from 0 to 1 if she chooses. Each citizen can
only shift it by % But, under full information, a marginal citizen can know that others
n

are participating, so she effectively chooses between [, = % and [; = 1, while under noisy

signals the marginal citizen is much more uncertain about others’ behavior.

n—1

—1) is close to f(0), the citizens can do as well as

When f is very convex, so that f (
the planner under full information, so that fears of miscoordination under noisy information
are the main source of equilibrium inefficiency. On the contrary, if f is close to linear, then
f(y)y—f (”T_l) is close to w, and most inefficiency is caused by free riding. Intuitively,
when f is linear, there is no coordination motive; on the contrary, the temptation to let the

other citizens “handle the problem” is high.

6 Extensions

This Section presents three extensions. The first shows that, if the citizens are even slightly
altruistic towards each other, then the incentive to engage in “pivotal protesting” remains
large for any population size. The second shows that our qualitative results continue to hold
if private benefits (i.e., “club goods”) are available in addition to public ones. The third
adds to the model a notion of changes in expectations, and shows how the citizens’ protest
behavior today responds to new information about the future. Finally, in the Appendix, we
cover an alternative setting where, unlike in our main model, there is no hope of overthrowing

the regime, but protests serve to keep a resistance alive and stave off permanent repression.

6.1 Altruism and Agency

As can be seen from Equation (3), the equilibrium thresholds = increase without bound as
n — oo. Thus, holding all other parameters constant, protesting becomes impossible if the
population is large enough. This result reflects the well-known insight that collective action
in large populations is undone by free riding if all benefits are public (Olson, 1965).

In light of this, can pivotal protesting truly serve as a model of mass protests? We
argue that it can, if the citizens in question exhibit even slight other-regarding, or altruistic,
preferences towards their fellow citizens. Formally, suppose that each citizen i’s objective
function Vj; at time ¢ puts a weight 1 on her “hedonic” utility and a weight a € [0, 1]
on the hedonic utility of each other citizen. That is, V;; = Uy + a ) i Uji, where Uy, =
Y terep 07 MUy is j’s continuation hedonic utility from ¢ onwards, as defined in Section 3.

7F171is model coincides with our baseline model when o« = 0. In contrast, if a = 1,

each citizen would behave as a social planner, putting equal weight on each player’s welfare
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(including her own). For general «, i’s marginal payoff from attacking becomes

Ay =—c+[1+an—D]E|(0; — v — 0U,11(0c, 04)) (f (z} + %) - f(iT)) | xit} . (7)

because whenever her participation changes the outcome, she (weight 1) as well as n — 1

others (weight o on each) receive the windfall 6; — v; — 6U 41 (0, 09) (cf. Equation 2). The
fM-1(0) (

~ cf. Equation 6), which converges to

citizen’s effective agency is then [1 4+ a(n — 1)]
alf(1) — f(0)], rather than to 0, for large n. The equilibrium threshold from Equation (3)
becomes

n c

T Tt - n - g e )

Proposition 3 extends for all & < 1—in particular, there are thresholds u.(a) < p*(a) such
that there is procrastination and cycles when p; lies between them.'® At the same time,
as n — oo, the equilibrium thresholds z} now converge not to infinity but to m +
Vi + 60U 11, which is finite for any o > 0. In other words, for any o € (0, 1), incentives to
engage in pivotal protesting remain relevant in large populations and entail the same general
consequences that we have characterized in the baseline model.

Other-regarding preferences have previously been proposed as a solution to the turnout
paradox (Feddersen, 2004; Blais, 2000), i.e., an explanation for why rational, selfish voters
would vote in large elections where pivotality is unlikely (Edlin, Gelman and Kaplan, 2007;
Jankowski, 2007; Fowler, 2006; Myatt, 2015).1" They have been less explored in formal
models of protest.'® But protesting, like voting, is a form of civic expression, and arguably
the closest substitute available in non-democratic societies, so protest participation could
plausibly be driven by similar motives.

It is worth noting that the formal literature on protests broadly considers two types
of potential motivations for citizens to act: private benefits (Olson, 1965; Tullock, 1971),
that is, material or social benefits of regime change that are exclusive to participants; and
psychological rewards, such as frustration in response to relative deprivation (Gurr, 1970)
and “pleasure in agency” (Wood, 2003).1 But typically, most participants in mass protests

do not receive (or expect) material rewards. If a notion of social or psychological benefits is

16This is shown formally in the proof of Proposition 3. In the extreme case a = 1, the equilibrium must
replicate the social planner’s solution, so procrastination disappears.

1"Models of “ethical voting” (Coate and Conlin, 2004; Feddersen and Sandroni, 2006) are also closely
related.

18The exception is Shadmehr (2021), which considers protests by altruistic citizens, albeit only in a static
model.

19See Lichbach (1995) for a broad survey of protester motivations.
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required to explain participation, then other-regarding preferences are in principle no more
or less plausible than the usual operationalization of psychological rewards as expressive
“warm glow” payoffs (Persson and Tabellini, 2009; Little et al., 2015; Egorov and Sonin,
2021).

6.2 News Shocks

Mass protests often respond to events that shift expectations about the future, even ones
that leave current material conditions unaffected. Examples include public announcements,
proposed bills and agreements, and political developments abroad.?’ As our examples in the
Introduction and Section 7 show, this is an empirically common and important phenomenon.
Unlike other dynamic models of mass protest,?! our model can provide a natural explanation
for it, if augmented to allow for “news shocks”.

In our baseline model, p; and v, are commonly known parameters. We can instead
assume that, for each ¢, pu; and v, are distributed according to some cumulative distribution
functions F};, G, with their realized values being fully revealed by the beginning of period
t—but this information can arrive as a lump sum at time ¢, or in a previous period, or
gradually over many periods, with all such signals being revealed publicly to all citizens.
Because this uncertainty is resolved by time ¢, it makes no difference when characterizing
the citizens’ equilibrium strategies at time t. The only change to our analysis is that we must
write a more complicated version of Equation (4), as the expected continuation value U,
would now average over the possible values of .1, 441, the players’ equilibrium actions
as a function of these parameters, and the next period’s continuation value, Usys. Any

information received at time ¢ about p, or v, (for 7 > t) would constitute a “news shock”.

21412
8 bl

c=1,0=0.8, and n = 10. Assume that y;, = 0, but v, depends on the state of the society,

For brevity, we illustrate the impact of news shocks in an example. Let f(l) =

which may be green, yellow, or red. We can think of these as different stages of democratic
backsliding, where green corresponds to the status quo, yellow to the introduction of bills
that will entrench the incumbent in power, and red to after the bill has been ratified. While
the state is green or yellow, 14 = 0, whereas 14 = v < 0 in the red state. If the state is green
at time ¢, then, at time ¢ + 1, it will still be green with probability 0.98; with probability
0.02, it will turn yellow. If the state turns yellow in period ¢, it remains in this state for three

periods (¢, t + 1, t + 2) and then becomes red forever. As the yellow state is not materially

20Consider, for instance, the forward thinking encapsulated in the chilling slogan used by Taiwanese
protesters: “Today’s Hong Kong, tomorrow’s Taiwan.” https://foreignpolicy.com/2014/08/19/todays-
hong-kong-tomorrows-taiwan/

2lFor instance, in Angeletos et al. (2007) or Little (2017), equilibrium behavior is always independent of
all expectations about the future, even if the citizens are forward-looking.
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worse than the green one, a switch to the yellow state is a pure news shock.

Denote the moment the state turns yellow by ¢,. Using Equations (3) and (4), we can
show that citizens attack in every red period (from tq + 3 onwards) if ¥ < —12.533. If
v < —25.067, citizens also attack in the last yellow period, to + 2. If v < —50.133, they also
attack in period to + 1 And, if v < —100.27, they also attack in period ty, as soon as the
state becomes yellow. They thus become more prone to protesting the more imminent the
red state is. On the other hand, they will not attack in the green state so long as v > —1830,
because a switch to the yellow state is not particularly likely. In particular, for v between
—1830 and —101, the citizens are peaceful in the green state, but react to news shocks: they
begin protesting as soon as the yellow state is realized, even though their current payoffs are

unchanged.

6.3 Private and Public Benefits

For simplicity, in our main model there are only public benefits from protesting: any payoff
from regime change benefits all citizens. We can instead allow for the coexistence of public
and private benefits that are only obtained by participants in a successful attack. Suppose
that a fraction p of regime change benefits are private: if the regime falls at time ¢ protesters
receive 0; and abstainers receive only (1 — p)6;. (p € [0,1] is commonly known.) Then i’s

marginal payoff from protesting at time ¢ becomes

— -1 ~ ~ 1
Ait = —Cc+ FE ((1 — p)@t — V¢ — 5Ut+1> (f <lt —+ ﬁ) — f <lt)> + petf (lt -+ E) ‘ xit} y

where pf;, i’s private benefit, is received with probability f <l~t + %) if she participates and
0 otherwise, while the additional probability of receiving the net public benefit, (1 — p)f; —
v, — 6U 41, is i’s probability of being pivotal, as before. Under the assumptions made in the
main model, the game remains one of strategic complements, so the citizens attack when x;
is above a threshold, which now converges for small o, to

c+ f(l);f(o)(,/t +5Ut+l)

Ty = v (9)
(1— oo, 2/ ()

A derivation of Equation (9) can be found in the Appendix. Note that, when p = 0, this
simplifies to Equation (3).

From Equation (9) it follows that, even when there are private benefits (p > 0), or even
if all benefits are private (p = 1), pivotality concerns are active: continuation values matter

in the citizens’ strategic calculus (i.e., z; increases in 0U;yq), and similar arguments as in
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our main model show that protest cycles can still result for any finite n.

However, the higher n is, the closer this model becomes to canonical models of protest
(Morris and Shin, 2003; Angeletos et al., 2007; Little, 2017), in which the population is
infinite and private benefits are the only driver of behavior. Indeed, setting p > 0 and taking

n — oo, Equation (9) becomes
c

pfy f()dl

The continuation utility, U,,,, vanishes from the expression: when agents expect to never be

(10)

pivotal, their behavior becomes as if myopic, even when they are forward-looking, because
the value of continuing the game matters in their strategic calculus only insofar as their
participation might affect the probability of regime change, which it cannot.

In contrast to the tendency of agency-driven protesters to delay collective action, protesters
who are solely (or mostly) motivated by excludable benefits may be inefficiently slow or quick
to act, precisely because they disregard the future in their calculations. They might prema-
turely “jump the gun” amid improving conditions (p, v; increasing), and conversely may fail
to react to an approaching catastrophe (ju,, v; sharply decreasing) if current regime change
payoffs are not tempting enough. Moreover, their behavior would not give rise to protest
cycles: the threshold in Equation (10) is constant over time, so if p; is constant, there will

be attacks in all periods (if p; > z}) or none (<).??

7 Discussion

Our model generates several empirical predictions that do not naturally follow from existing
formal models of protests. First, public benefits can drive protest behavior, whether private
benefits are present or not. Second, cycles of protest can arise even when the underlying
grievances are long-standing, with little meaningful change over time. In such instances,
periods of delay between protests reflect collective procrastination, as it would be socially
preferable to protest in all periods. And third, “news shocks” can be impactful: for instance,
threatening bills can cause protests, while a promise to hold elections can defuse them.

We now discuss some examples as suggestive evidence of these phenomena at work. That

public benefits can drive protest behavior—in particular, that dissatisfaction with the status

22Dynamic models of protests with private benefits (Angeletos et al., 2007; Little, 2017) find that intermit-
tent attacks are possible if the state is hidden and persistent (i.e., 6 is drawn only once and remains fixed);
the agents keep receiving exogenous signals of it; and these signals happen to periodically compensate for
the “bad news” that regime survival itself implies. But other outcomes are also possible, such as equilibria in
which the citizens give up after a single failed attack. In contrast, in our model, protest cycles are a robust
phenomenon.
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quo precedes protest movements—is an empirical regularity, satisfied by all of the examples
we mention. As discussed in the Introduction, the Chilean protests in 2006, 2008, 2011,
and 2019 also display an apparent pattern of protest cycles. Minor events, such as a 4%
hike in metro fares in 2019, served as the proximate cause of each outbreak. Yet the roots
of discontent lay in issues such as economic inequality, insufficient public education, and
perceived disenfranchisement, which had been fixtures of the Chilean landscape since the
Pinochet dictatorship (Borzutzky and Perry, 2021). Similarly, the 2013 protests in Brazil
were triggered by public transportation fare hikes, but responded more broadly to perennial
issues such as the “state of public infrastructure ...public spending ...corruption, urban
violence, and a ‘fed-up-ness’ with the state of the country” (Alonso and Mische, 2017),
which had also triggered previous protests (Alonso and Mische, 2017, p. 152).23 It has
been argued more generally that contentious movements are inherently cyclical in nature
(Tarrow, 2011; Hirschman, 1982). The existing literature proposes various explanations for
such waves or cycles, such as cycles of disappointment that shift citizens’ focus back and
forth between private consumption and public action (Hirschman, 1982), and protest fatigue
and responses by the regime (Tarrow, 2011). Our model shows that even in the absence
of any such phenomena, the dynamic discouragement effects we characterize induce cycles
in agency-driven protesting. Another alternative explanation for delays in collective action,
based on preference falsification (Kuran, 1989), seems less appropriate for examples such
as Chile or Brazil, where severe restrictions on speech were not present and past protests,
elections, etc., provided plenty of information about public sentiment.

Though our model suggests that collective action will coalesce into cyclical outbreaks
even absent obvious triggers, it also predicts that significant exogenous shifts in threats and
opportunities (Tilly, 1978) will give shape to these cycles when present (see also Hirschman
(1982) (pp. 4-6) on this point). A specific prediction that is novel to our model in the formal
literature is that even pure “news shocks” that only concern the future can have such effects.

Examples show that both negative and positive news shocks can be impactful. For
example, the 2019 proposal of a bill in Hong Kong that would have allowed extraditions to
mainland China prompted marches numbering over a million protesters, which ultimately
challenged not just the proposed bill but also the legitimacy of Hong Kong’s government and
police force. The protests boiled over even before the bill was to be formally discussed in
the legislature (Purbrick, 2019), and continued even after the bill was shelved,?! ending only

after mainland China directly imposed a national security law that criminalized dissent.2’

23Gee also Koopmans (1993) for a discussion of protest cycles in Western Europe during the Cold War.

2nhttps://www.nytimes.com/2019/06/16/world/asia/hong-kong-protests.html

Zhttps://www.nytimes.com/2021/01/05/world/asia/hong-kong-arrests-national-security-
law.html
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Clearly, the protesters reacted before the bill could have had any material consequences; the
driver for action was instead what the proposal signaled about Hong Kong’s political future.
Similarly, an earlier wave of protest in 2003 followed a proposed national security bill, while
the 2014 Umbrella Revolution condemned a proposal to implement democratic elections but
only between candidates selected by a pro-Beijing committee. These explosions of dissent
punctuated a rising collective unease with the mainland’s attempts to encroach on Hong
Kong’s autonomy, described as “the political ground simultaneously shifting and shrinking
beneath their feet.”?® That the protesters’ most forceful bid for change only took place in
2019-2020 is arguably a sign of collective procrastination: as the mainland’s resolve to bring
Hong Kong under its heel had come to harden throughout the 2010s, decisive action might
have been more effective had it come earlier.

The 2014 Euromaidan revolution in Ukraine was also triggered by a negative news shock.
After years of negotiations with the European Union and promises of European integration,
the Yanukovych administration announced in November 2013 that it was suspending plans
to sign a broad association agreement with the EU, only a week before the scheduled signing.
Instead, Ukraine would seek closer ties with Russia, which had threatened trade sanctions
in response to the EU deal. Protesters gathered, spurred by the threat that their chance to
finally escape the Russian sphere of influence—to no longer live in “a post-Soviet barrack
temporarily repainted in yellow and blue”—would evaporate.?” Ukraine failed to sign the EU
agreement as scheduled, even as both sides claimed that a deal was still on the table.?® The
protests grew in number and scope of demands, and turned into riots even as the government
responded with a package of draconian anti-protest laws,?? and violent crackdowns that killed
over 100 protesters in total. Soon, widespread desertion among demoralized police forces
forced Yanukovych to flee to Russia.? In the Ukrainian case, too, the sources of resentment—
poverty, corruption, and low democratic legitimacy—had plagued the country for years, ever
since its transition out of communism. But the prospect of European integration had offered
hope that the status quo would improve, helping to stave off collective action until the
breakdown in negotiations.

The same forces explain why protest movements sometimes stagnate in anticipation of

26nttps://time.com/5786776/hong-kong- joshua-wong-future-homeland/

2"https://www.nytimes.com/2013/11/27/world/europe/protests-continue-as-ukraine-leader-
defends-stance-on-europe.html

28https://www.reuters.com/article/us-ukraine-eu/eu-says-door-remains-open-to-ukraine-
as-unity-cracks-idUSBRE9BE05120131216

29nttps://www.washingtonpost.com/world/in-ukraine-protesters-appear—to-be-preparing-
for-battle/2014/01/20/904cdc72-81bd-11e3-9dd4-e7278db80d86_story.html

30https://www.nytimes.com/2014/02/24/world/europe/as-his-fortunes-fell-in-ukraine-a-
president-clung-to-illusions.html?_r=1
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elections: elections hollow out the incentive to protest by offering a less costly avenue for
change (Hafner-Burton, Hyde and Jablonski, 2018). In particular, then, a surprise call for
new elections can serve as a positive news shock that defuses collective action. Indeed,
Marsteintredet and Berntzen (2008) argue that calls for early elections were successfully
used as a “last resort to solve an ongoing political conflict”; e.g., in Bolivia (1995) or the
Dominican Republic (1996).

Conversely, a controversial incumbent’s reelection is often succeeded by anti-regime protests.
This is consistent with the logic of collective procrastination: citizens who were hoping for
change at the ballot box may finally coordinate on protesting if, after the election, they
perceive the next opportunity to attain change peacefully as too remote. The widespread
protests following Orban’s reelections in 2018 and 2022—which stood in stark contrast with
the relative tranquility in the streets leading up to the elections—can be seen in this light.3!
Another example is the 2017 Women’s March in the United States, held the day after Donald

Trump’s inauguration. In reverse fashion, the repeated postponement of elections in Bolivia

in 2020 sparked widespread protests.3?

8 Conclusions

In this paper we develop a dynamic model of protests in which citizens act driven by the
desire to bring about change, even if the benefits from regime change accrue even to non-
participants. We show that, in a dynamic context, the willingness to engage in “pivotal
protesting” responds not just to contemporaneous benefits and costs, but also to the future
ramifications of regime change or its absence. Because an expectation of future collective
action makes present collective action less urgent, and vice versa, spikes in social turmoil are
self-limiting and may arrive in waves, even if the underlying material and social conditions are
stable over time. When such protest cycles occur, the citizens would be better off protesting
in all periods, but are tempted to drag their feet in between periods of expected coordination.
The dynamic encouragement and discouragement effects that are central to our analysis
are absent from models of repeated protests driven by private benefits. Within our theory,
they are the source of predictions that find support in the substantive literature on mass
protests and are empirically plausible, yet are novel to the formal literature on the topic.
The model is flexible and allows many extensions besides the ones covered in the paper.
One salient question concerns government manipulation: if indeed collective action is vul-

nerable to a form of collective “limited willpower,” how would a government shape payoffs or

3lhttps://www.nytimes.com/2018/04/14/world/europe/hungary-protest-orban.html
32nttps://www.nytimes.com/2020/08/07 /world/americas/bolivia-roadblock-blockade.html
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beliefs over time to defuse protests? For example, the government may increase clientelistic
transfers when the threat of revolt spikes. Likewise, promises to hold new elections as an
alternative to immediate resignation, discussed in the previous section, ought in fact to be
modeled as news shocks that are not exogenous, but follow from a strategic choice by the
regime.

A more challenging direction is to enrich the informational environment. For instance,
the government may have private information about its strength or willingness to repress
dissent, while citizens may have private information about their level of discontent. Signal-
ing concerns would then arise: citizens may mobilize to communicate, rather than just to

overthrow the government, and the government may repress to show strength or resolve.
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A.1 Proof of Remark 1

By Remark 3, the social planner has each player attack in period 2 if ;3 > %5 = ¢ for o,
small. If u > ¢, then this holds almost surely for oy, 0. small. If u < ¢, then this fails to
hold almost surely for oy, o, small.

P

In period 1, the social planner’s limit threshold is z7¥ = ¢ + d max(u — ¢, 0), so we again

have z1; > 27" almost surely if p > ¢ and vice versa if p < c.
[

A.2 Proof of Remark 2

By Proposition 1, the limit threshold x3 equals % = 2¢. The limit period 2 utility is then
Uy = (1 — ¢)1,5c. The limit threshold in period 1, «7, is then &2 + §(u — )1 5c. So we
have a likely attack in period 1 (1 > ) if > 2¢ 4 8(p — €)Lyse, or p > 2=3¢.

O

A.3 Proof of Lemma 1

The general strategy of the proof follows four steps:

(i) Show that the game is supermodular in actions, that is, if others’ strategies increase in
the sense of attacking at more signal realizations, then any player’s incentive to attack

also increases.

(ii) Show that the best response to a symmetric threshold strategy profile is a threshold
strategy. Using standard arguments from the supermodular games literature, conclude

that the game has extremal equilibria in symmetric threshold strategies.

(iii) Show that the game has a unique equilibrium in symmetric threshold strategies, hence

a unique equilibrium.

(iv) Characterize the equilibrium threshold, in particular as o, — 0.

The proof follows standard approaches for global and, more generally, supermodular
games. There are three complications, however, that make the proof less than standard.
First, the game is not supermodular in the traditional sense; we show instead that a closely
related game (with the same set of equilibria) is supermodular.?® Second, for the purpose of

proving Proposition 1, we need a stronger result than stated in this Lemma: not only do we

33Lemma 2.3 in Morris and Shin (2003) deals with a similar failure of supermodularity, but their result
assumes a uniform prior and does not rule out equilibria that are not in threshold strategies.



need to show the existence of a threshold @, > 0 such that if o, < 7. then the equilibrium
is unique (and in threshold strategies), but we also need @, to be uniformly bounded away
from zero as parameters vary (in particular as vy varies), because the game in periods ¢t < T
has an a priori uncertain continuation value v; + 5Ut+1 that is itself a function of o.. Third,
as we work with a finite number of players, aggregate outcomes are random even conditional
on the realized state 6,.

We write the proofs of our main results to cover the baseline model as well as the case
of altruistic citizens, letting & = @ and f(I) :=n F+3)—-r@].

(i) Supermodularity. Formally, denote j’s strategy in period T by Az, the set of realiza-
tions of xjp for which j attacks. Let (Ajr);en, (fle)jeN be two strategy profiles such that
Air C fle for all j. The standard approach would be to show that A;p(x;r) < A,»T(x,;T) for
all i, z;7, where Ay (z;7) is as defined in Equation (1) and AiT(:ciT) is the analogous object
when other players instead use the strategy Ap. However, this inequality does not necessarily
hold: if A and Ay differ only in that agents attack more under A when their signal real-
izations are very low, then an agent who expects others to play according to A7 may be less
willing to attack, because she is afraid that f’(l7)—hence the effect of her participation—will
be higher precisely when 67 — vp is negative, a case in which she would prefer not to topple
the regime.

We then need a more careful argument. We argue that (a) agents never want to attack
when their signals are low enough, no matter what others will do, and (b) when restricting

attention to strategies that respect this constraint, supermodularity does hold.

Remark 4. (DeGroot, 1970, Theorem 9.5.1) Op|z;p ~ N (Ugfgiﬁw”, g‘;%f;) .
/] € 0 €

Remark 5. Let X ~ N(u,0?). Then F(X|X > a) < max (a + \/ga,u + %a).
Proof. Follows from the inverse Mills ratio formula (see Greene (2003), p. 759). O

Remark 6. Given a fixed n, suppose that in period ¢ the players (excluding i) each protest
with probability z. Then nl, ~ B(n — 1, z).

Remark 7. fol [(";1)/‘7(1 — Z)”_l_k} dz = % forall k=0,1,...,n— 1.

Proof. For k = n —1, this reduces to fol 2" ldy = %, which is trivial. Then we can prove the



claim by induction, as

-1 1
(n ) / 21— 2" Ry

k) Jo
- k(] gy L 1 — )2y
(k ){k+1z (1—2) 7t 1 Oz (1—2) z

n—1N\n—-1-k [! k+1 n—2—k n—1 ' k+1 n—2—k 1

]

Lemma 2. There is a2 > 0 such that, if 02 < @2, then no agent with a signal below

2
c =2 __ : c 2 c
%P + vy ever attacks. Moreover, we can take o7, = min <4df,(1)> , 0p 4df’(1)uTuT|> .

Proof. Rewriting Equation (7) with the notation for & and f, we find that, for any z;r <

2w T
Air(zir) = —c+ GE((6r — vr) f(ir)|zir)
< —c+aE((Or—vr)f ~(l~ Yoy >up |Tir)
< —c+af (VE((Or — vr) Loy, |Tir)
S —C + df,<].)(E(0T|sz) QT > VT) - VT)
<

[ 2 €
et af(1) max (W—%W,W) e ,,T]

o2(pr —vr) + 02#
< —c+af'(1) max( 5 292af(1),0 + o,
oy +0;

2 2
oy +0;

(Note that f(I) < f'(1) for I < 2=L by the convexity of f.)
There are two cases. If o2(ur — l/T) + 0f5m 5T 0 ) < 0, then the above expression equals
—c+ af'(1)o., which is negative whenever o, < 7o oo 2pr —vr) + 0ggmts 7y > 0, then

the expression equals

—c+af'(1) [

o (ur — vr) + O oapr

3 2 + o
oy + 0

2

0'2 C O,
<-—c+af'(1) |:O__;2(/’LT_VT>+M+U€:| _—§+Oéf( ) [U (ur —vr) + 0

0

which is at most —§ +af’ (1)%(;@ —vp)ifo. < pm- Lhis expression is negative whenever

2 2 c
Oc < 04 T —vrl =



Now assume o2 < % and consider a modified game in which, when an agent i receives
a signal x;r < 5 ( ] + v, she is forced mechanically to abstain, while for z,7 > o= f, SERI0] + vy
she is allowed to choose an action as usual. This game clearly has the same set of equilibria

as the original. Next, we argue that it is supermodular for ¢ small enough.

2
2 =2 _ .o =2 2 1 1
Lemma 3. Assume that o? < 7%, = min (061, o 4d]5(1) PrT— (4&}2’(1)) ln(f”)—ln(f”))’

where f = supieo,ny £ (1), " = infic) f'(1). Then, in the restricted game where actions

are chosen only when x;v > 5= f’( ) + vr, Ajp(wir) is weakly increasing in Ar.

Proof. Consider two strategy profiles Ar, Ay C [ﬁ’(l) + vp,00) x N such that A;; C A]-T

for all j. For any 7 and any x;,7 > + v, we will compare Ayr(z;7) to AzT(xlT) To

C
5D
simplify notation, we will drop the 7" indices. Denote by g(f|z) the posterior density of the

state given ¢’s signal x;. We then have
Bue) = Aw) =i [ (0= 0)E[70) - FO6] g(6le.)as
~a [ 0-vE[0) - F)6] g(6le.)as

133

va | (0 v)E [7(0) - FD16] g(6lx)a0

> @F/ 0 —v)E [Z— Z\e} g(Olz:)do +af” | (06— v)E [Z [ ] 9(6)z,)d8
It is enough to show that this last expression is at least zero.?* Now note that, for all 0,

E [?— Z|9] — /OO )\(a:)gieqb (xg_ 9) dz,

—00

where A(x) is the additional fraction of other citizens who attack when seeing a signal z
under A relative to A, and ¢ is the standard normal density function. Then it is enough to

show that, for any = > L

28 f’(l

7 [ 0= (=) oimpan+ 1

—o0 €

S0 (9; ””) g(0lz)do >0.  (11)

v €

Next, we argue that the “tightest” case is when x and z; are as low as possible—that is, if

we show the result for x = z; = 5% f,( ) + v then it will automatically follow for all other z,

34The last inequality follows from the fact that f(y+a)—f(y)—f(z+a)+f(z) = f;H_Q U;ﬂ’_z f”(z)dz} dz.



x;. The reason is that, if Equation (11) holds, then

"0 (U5 atolan 6109

€

7 [ 00 (U22) ol 0)an +

— 00 €

7 [ 00 ("22) sl + 1

—o0 €

v

“0-0 (122 g0l = 0

v O‘E
for any function (@) that is positive and weakly increasing. Moreover, by standard properties
02H+U§wi

0—
of the normal distribution, ¢ ( “”/’) and g(0|z;) = ~ %4 ot 0] fggat"g are both MLRP-

090e
(012 )
. . . . . X, . . . . .
increasing in x and x;, respectively (i.e., Z (@[ 1S increasing in 6 for x} > x;, and (b((ff j is
Te

x

increasing in 6 for 2/ > x).

Lemma 4. Ifo? < 034(1]5,( ) 1 then ZE8490m >,

whenever x; > v
1 ‘V+4&f/(1)_:u“; 2+ 2 v = +

C
2af"(1) "

4a f’(

Proof. Taking x; = v + ch(l)’ we want

2 2 c
>
ot v+ f()>_( o >< )
= o2 M+ 094 f 2 ( 4af )
= 09 4af 2 ( ,u> .

Then it is enough to take o2 < o3 4&f’(1) o L — if v+ 4af,( = B> 0 and any value of o2
&M

works otherwise. O

Now, using our previous results and Lemma 4, it is enough to show that

f_/ 60— 1) (““) oLt ) ag

o €
02402

+1" (Q—V)qb(e_xo)gzﬁ 90—9:30 do >0,

v €
crg +02

where g = v+ =+~ In turn, it is enough to show that, for each » > 0, the value of the first
4af'(1)"

integrand at # = v —r is dominated by the value of the second integral at § = v + +,

4f’()



i.e., it is enough to show

Y i T T c r r
f,/“b( o f()>¢ i §f_”(r+m)¢<a—)¢ N

for all » > 0. Rearranging, and since r + ﬁ’(l) > r, it is enough to show that

_ﬁ [(H' 4afc’(1))2_r2} _% [(H—ﬁ’(l)fﬂj} <

[l

e
"

-

and hence enough to show

-S| (+ami) ) _ L

Since the left-hand side is decreasing in r, it is enough to show

(&

1 e 2 1 2
¢ o (wrm) fE@—i( ¢ ) < In(f") — (7).

- o2 \4af'(1)
. 2 c 2 1
which holds whenever o2 < < y¥3 f,(1)> W) O

It follows that, when 0. < 7., both Lemma 2 and Lemma 3 apply, and the game
(with restricted strategy space) is supermodular in actions, which implies the existence of
a greatest equilibrium and a smallest equilibrium between which all other equilibria are
bounded (Milgrom and Roberts, 1990). Lemma 2 already implies the existence of a lower

dominance region. We can similarly show the existence of an upper dominance region:

2 =2 _ .o [=2 2 ¢ 1 -
Lemma 5. Assume that o2 < 0Z; = min <062, COFFO it —u:rl)' Then any agent with

a signal x;yp > 2 + vp always attacks.

af’(0)

Proof. By Lemma 3, when 02 < 7%, an agent 4’s incentive to attack is lowest if other agents



never attack. In that case

Air(zir) = — ¢+ af(0) (E(07|xir — vr)) >

> —c+af(0 ‘ _ —
c+ af(0) e vr
o - o f(0)
— _ € ~ 0 o 0
C Ug +U€204f( )(MT VT) + g+0.62 f/(())
f'(0) ol o)
X —c + < 0 —vp) + 2¢
OB ET: 1 0)(pur — vr) Ty o
2 2
> _ : 0 — 2 4
>—c g+0€204f( Jpr —vr) + CangUeg

where we have used that f(0) > f/ (0) because f is convex. This expression is positive
whenever o2& f'(0)(ur —vr)+2co; > c(oa+0?), or equivalently o?(c—a f'(0)(ur—vr)) < oac
or o2 (#@—MT-FVT) <ng. O
(ii) Best response to symmetric threshold strategy is threshold strategy. Because
the extremal equilibria can be obtained by infinitely iterating the agents’ best-response
functions (starting with a strategy profile in which everyone always attacks, or no one ever
does, both of which are symmetric and in threshold strategies), they will necessarily be
symmetric threshold strategy profiles if we can show that the best response to a symmetric
threshold strategy profile is another symmetric threshold strategy profile. In other words,
we want to show that if all agents j # ¢ attack iff x;7 > 2*, then ¢’s incentive to attack is
strictly increasing in x;r.

More formally, let A;r(x,2’,0) be the marginal payoff from attacking for agent ¢ when
she observes x;r = z; all other agents j attack iff x;r > 2'; and 0. = 0. Then we want to

show the following;:

Lemma 6. A;r(z, 2, 0) is strictly increasing in x for all x, 2" > sapm Tvr and o € (0,Te3)-

Proof. Recall that

(e 9]

Az, 7', 0) = —c + a/ 0 — vr)E [f(i)w] 9(8]z)db.

—00

Note that (0—vp)E [ f(0) |9} is negative for § < vp. It is positive and strictly increasing in 6 for
0 > vr (because 0 — vy is strictly increasing in 6; fis increasing, by the convexity of f; and [

is FOSD-increasing in 6 because, taking the €, fixed, each x ;|6 is in fact pointwise increasing

8



in 0). It follows that A;r(z,2’,0) is increasing in z if (a) g(f|x) is FOSD-increasing in z as
a function of 6, and (b) for each 6y < vr, g(6p|z) is decreasing in x for all z > 5= swpm TV

(a) follows from Remark 4. (b) holds because ¢(z) is increasing in z for z < 0, and g(6y|z) =

o' " +a‘ x
NN 2T+of here Zlrtods > v > 0y by L 4
o0 Qb 0905 , where W vr + 1a f’( ) vr > Up by Lemma 4.

]

Moreover Lemmas 2 and 5 imply that any such 2 must be bounded between 5= f,( y T

and ~f, + Up.

(iii) Unique equilibrium in threshold strategies. Finally, we show that there is a
unique symmetric threshold strategy equilibrium, which implies that the greatest and small-
est equilibria coincide, and hence that there are no other equilibria (Milgrom and Roberts,
1990). Formally, what we will show is that, for o, small enough, A;r(z, z, 0,) is continuous
and strictly increasing in z, so there must be a unique z*(o,) for which A;r(x,z,0.) =0, as
required.

Dropping the index i7" to economize on notation, we can write

ag,u—i-agx

[e’e] 9 . ! ’
A(:E,:C,ae) = —Cc+ 64/ (9 — V)E [f(me] m(b 02+02 "

090

_ 090 ——
o0 0% w/ag+052

Since all agents j # 7 attack iff x; > =, conditional on #, each agent attacks with probability
z2:=0 ( ) drawn independently. Then l|9 ~ Bln=l2) by Remark 6, i.e., for k = 0, . —

1,
Pr (Z: %) _ (”; 1) = 2

Applying the change of variable z = ¢ (‘%’"), so dz = ¢ <9;—x> id@, and denoting

=71 so 9;—“”” =1(z) and 0 = x + 0.)(z), we can rewrite our previous expression as:
€

1 . /62 + 52 N
Alz,r,0) = —c+ 54/0 (x —v+op(z))E [f(l)\z} f,;_ ) o(U(2)) dz

1 T 02¢<09i/:gi;2+¢( )V”+cr§>
Az, z,0.) = —c+ a/o (r —v+oap(2)E [f(l)\Z} f,e (0 (2)) ¢



¢ (x—p)oe +’¢(Z) \/ 0‘52+crg
Vg o2 \ogy/optol e
a9 P(1(2))
tion h of its arguments x, z, u, v, o., og that is well defined and C* over all z,u,v € R,

defines a func-

Now note that the expression (z —v+o.)(2))

z € (0,1), o > 0 and, importantly, all o, € R, including zero (and negative values). More-
over, we can show that the integrand h(-)E[f(l)|z] is uniformly bounded by an integrable
function for all o, below a threshold. Indeed, f < n. Using that O(y) < e¥ for y < 0, we
obtain z < €%, or ¢(z) > In(z) = [(2)| < |In(z)| for z < 0.5. Using that ®(y) < 24

|yl
for y < 0, we obtain z|¢(2)] < ¢(¥(z)) = \/Lﬂe%lw(zﬁ for z < 0.5, so

_e—poe Voite; e T ?
¢((’9\/‘73+‘73 +w(z> 7 ) :e_é[<oe\/:§+02+w(z) 79 0) e

¢(¥(2))

2 2
2 {((”(,2“’) o242 [ (2)| 75 L o ti(2)? (05+2§;)}
< e 0 [ 0

< AT HY(2)|(Bo2+Coo)+(2)* (Dol +oe)

for some A, B, C, D, E > 0 independent of z and ¢2. For z low enough that [¢(2)| > 1,

€

this expression is bounded above by

V()2 (A+B+D)o2+(C+E)oe <;
2mz](2)]
< 1 ) 2[(A+B+D)o2+(C+E)o.]

) 2[(A+B+D)o2+(C+E)o.]

<

z

Hence h can be bounded by a function of the form %, and is well behaved for any

0. such that the exponent f is less than 1, e.g., 0. < 57 An analogous bound

1
A+B+C+D+E)"
can be given for z close to 1. It follows by the dominated convergence theorem that A is a

10



continuous function of its arguments, in particular at o. = 0, where

Alr,2.0) = —c + G / (v — v) B (D)|)dz

1 n—1
:—c—i—ax—y / 2:P1r<l~
0

k=0

e (522 [ (o

k=0
n—1

e 0(52) ()

= —c+a(z—v)[f(1) - f(0)],

which yields the limit threshold z;. (Note that we have used Remark 7 in the fourth step.)

But we need to go a step further. To prove that A is strictly increasing in x for o, small,

we will show that 22(z,z,0,) converges uniformly to 22 (z,z,0) = a[f(1) — f(0)] > 0 as

. . . xT e o¢ +U

We can use a similar argument. Denoting \/% + (2 )\/ o
¢'(x) = —x¢(x), note that

. — 0.

= w, and using that

OEFDING) _ psp (WATR 6w) oo o)
o VO gy T e ORI OR G

Using the same bounds as before, the first term is bounded by an expression of the form

ln(z for z

L for z close to zero, while the second is bounded by an expression of the form
close to zero, where § < 1 if o, is small. Hence this expression is bounded (uniformly for x,
i, v, 0g, and o, in any closed intervals, with oy strictly positive) by an integrable function.
The Leibniz integral rule then implies that %(w, x,0.) = & fol Wdz. Moreover, for
any convergent sequence Yy = (Zg, g, Vk, Ok, Ocr) With limit Y., we have that %(Yk) m
%—i (Yao) by the dominated convergence theorem, since the integrand E[f()|z]h(-) is obviously
continuous in the argument Y and so converges pointwise. But then %A(Y) is a continuous
function of Y. Within any compact set, then, it must be uniformly continuous by the Heine-
Cantor theorem. In particular, we can take a rectangle where o. € [0,1] and the other
variables lie in any closed interval (with minoj > 0). Then, by the uniform continuity,
there is @, such that, if o, € (0,7.) and the other variables lie in their respective intervals,

9 (x,p1,v,09,00) — 2 (x,1,v,09,0) < 2[f(1) — f(0)], whence 2 (z,p,v,00,0) > 0. In

particular, taking the range of x to contain |v + oz fc, o7t 3 f2'(20) , this argument guarantees

11



that there is @, such that, for all o. € (0,7,), %—ﬁ is strictly increasing at every x between

the dominance regions, which yields the uniqueness.

(iv) Equilibrium threshold as o, — 0. Our previous argument implies that, as o, — 0,
(o) — m + v; indeed, if not, there would be 79 > 0 and a sequence o, — 0
such that either x*(oy) > a7 g T v+ Mo for all k or x*(op) < Ty T Y o
for all k. But our formula for A(z,x,0) and the continuity of A would imply that, for k

high enough, A(z,z,0,) > 0 at any = > 7+ v+ o, and A(x,z,0r) < 0 at any

alf(1)—f(
TS FFm ] TV T Mos @ contradiction.

O

A.4 Proof of Proposition 1

The marginal payoff from attacking in period ¢ is given by the expression
Ait = —c+ E d(@t — V¢ — 6Ut+1)f(it)|$it:| .

By the same argument as in Lemma 1, for o. small enough, this game has a unique
equilibrium, which is symmetric and in threshold strategies. In fact, this game is equivalent
to the game from period T, if we denote v; + 6U;11 = vp. Note that the proof of Lemma
1 yields the uniqueness result in this Proposition only because we showed that a threshold
7. can be found below which uniqueness is guaranteed, regardless of the value that other
parameters (in particular, v) take, as long as they lie in a compact interval. Indeed, in
general the equilibrium in periods ¢ + 1 and onwards depends on the value of o.; hence the
continuation value 6U,,; is a function of .. Thus, for periods t < T, we need to show that
there is a threshold @, such that, for all o, < @, the game with (endogenous) status quo
payoff v = v, + 6U,41(0.) has a unique equilibrium. Our proof from Lemma 1 guarantees
that we can find a threshold @, that works whenever v lies, for instance, in [v; + du, v, + 07,
where u, w are the infimum and supremum of the game’s possible continuation payoffs across
all feasible strategy profiles. This interval is guaranteed to contain vy + U1 (o).

Because of the continuity of A (in particular with respect to both o, and v), our proof

of Lemma 1 also implies that, as o, — 0, 2} (0., 09) — x}(0p), where

+ v+ 5Ut+1(00),

z;(0g) = A

alf(1) = f(0)]

where U,y1(0p) = limg, o Uysy1(0c,09). The convergence of U, (0., 04) and 2} (0., 04) can

be shown by backward induction from 7', using that if zj ; converges, then U,41 converges,

12



and so =} does as well.

As for Equation (4), for general values of o. and oy, let Uy(x,0.,09) be the expected
continuation hedonic utility in equilibrium of an agent ¢ starting at time ¢, conditional on
seeing x; = x, and Ut(ae, 0g) be i’s expected continuation hedonic utility before seeing x;

(both of which, by symmetry, are the same for all agents). Then we have

Ut(xa O, 09) = _CH{xzx;‘(aé,ag)}
+E [((9,5 — V¢ — 5Ut+1<0'€, 0'9)) f(l)‘x] + 1+ 5Ut+1(0'€, 0'9)

Ui(oe,09) = —c® (ut T (06’06)> +

/52 2
o:+ 0y

E[(0; — vi = 6U41(0c,00)) f(I)] + vi + 6U 11 (0c, 09)

As 0. — 0, Uy(0.,04) converges to

Uy(og) = —cd (m) +F [(Qt — v — 5Ut+1(09)) f (]1{99@(09)})} + vy 46U 41 (09).

o
As 09 — 0, U(0y) converges to
U, = —clyy>ary + (Mt — - 5Ut+1) / (ﬂ{upx;}) + vy 4 0U 141,

and z;(oy) converges to

.T: = + v+ 5Ut+1,

as we wanted.

A.5 Proof of Proposition 2

The generalizations of pg, p. and p* to the case of a > 0 are

A - FO)] 18

= c N de £(0) LY

Calf(1) = f(0)]  1=dalf(1) = f(O)] 1-0

= c N dc f(1) ]
alf(1) = f(0)] ~ 1=¢ Le[f(1) = f(0)] 1—0



For part (i), assume that p; = p for all ¢, with p < po. Then, using Equation (3), we can

calculate

Since pu < pg, as gg goes to zero, for o.(oy) small enough, we are in the limit equilibrium
characterized in Proposition 1 in the case y; < xy, in which 8, < x; with probability going

to one, and [; converges in probability to zero. Hence

v

Ur = O+ (1= F(0) 2

We can then calculate

v = w0 00— SO

There are now two cases. If p € (1_:5’ ,uo), then automatically z%._, > x7 > p, so that almost

no one attacks in period 7' — 1 either. By backward induction, we obtain that

. 1— 5T—t+1(1 _ f(0)>Tft+1 1 — 5Tft+1(1 _ f(o))TftJrl v

= 1 —
UVi=IO——=a=7r0) "'/ O——=a=70) -9
cC —
T = = + v+ 00Uy,
TGl - F(0) t
whence U; > Uy and @7 > x7, > ... > p for all ¢, and almost no one ever attacks in

v

137
now z; > p1 instead follows from the fact that z7 > v 40U, which is a convex combination

equilibrium. On the other hand, if p < then U, and x}_, obey the same equations, but
of u and %5, hence higher than p.

For part (ii), suppose that u; = p > p* for all ¢. Then, from Equation (4), we know that,
it 7 < p for all ¢t > ¢y, then for all ¢ between ¢ty and 7" — 1,

Ur=—c+ f(p+ (1= f)V+Un),
with Ur = —c+ f(1)p+ (1 — f(1))1%5. Equivalently, for ¢ > ¢,

_ 1 _ 6T—t+1<1 _ f(l))T—t+1

B 1 — 5T—t+1(1 _ f(l))T—t—l—l v
R N Ry 168)

1—6(1— f(1)) 1-6

(—e+f(Wp)+ |1 - f(Q1)

v

75, With the weight on the first term decreasing

This is a convex combination of y — ﬁ and

14



in t. Since

s O LV

SRNIOREET)
Yith equality_iff & = 1 and f(0) = 0, and p > p*, we know that p — ﬁ > 155, SO
Uy >...>Ur > 75 and x| > ... > xp. For most players to attack in equilibrium at

time 9 — 1, we need xy | < p.
Iterating, to prove the result we need to show that z} < u for all ¢ with the thresholds
calculated as above, i.e., under the assumption that all agents will attack in future periods.

Because the sequence is decreasing in ¢, it is enough to show that p > lim; , ., zj, i.e.,

¢ et fp (=81 fQ1) v
T o O e sy T 1o srer) 1-9
1—6 c dc v

> +

alf()— f(0)] 1—-6+0f(1) 1-0+6f(1)
c df(1) oc 2
Mﬂm—fmnc*d—w)‘l AT

i1 s+

= >

—5 " 1—

Finally, for part (iii), it is convenient to relabel time periods as follows: set T = 0 and
assume the game is played beginning at any integer ¢ < 0. Let (7});ez., be the sequence of
equilibrium attack thresholds for this game, as characterized in Proposition 1, for gy — 0
with o, small enough. We will show that, generically, there are infinitely many values of ¢ for
which x} > p; and infinitely many for which z7 < p;. (We will discard the non-generic case
in which p;, = z for any ¢. Note that, given values of pi4y1, ..., po, and the other parameters
satisfying this constraint, the value of U, is uniquely pinned down, and hence so is z¥, by
Equation (3), so there is a single real value of yu; that is being ruled out.)

Suppose the former statement is not true, so that zy <y, for all ¢t < ¢, for some ¢y. By

our genericity assumption, we must then have zj < p, for all ¢ <, and
Ui=—c+ f(Du+ (1= f(1)(v+ 6Us) (12)

forallt <ty. Let u = liminf; , o p;. Let (t,)sen be a subsequence such that p = lim,_,o0 pts, -
Then, taking the limit of the inequality z; < pu;, as s — oo, we must have z* < p for any

x* that the zj accumulate to. In particular, liminf z; < p, or equivalently

AIF (1) = £(0)] +v+0liminf Uy < p.

Equation (12) implies that U,, and Uy for all ¢’ < ¢, are increasing functions of z,. Hence

15



liminf U, is bounded below by a hypothetical U calculated under the assumptions that

everyone always attacks and that j; = p for all ¢, i.e.,

et fu | (1= f0)
1-0+0f(1)  1-6+4f(1)

liminf U, > U=

calculating U as in part (ii).
Then it must be that
¢ —c+ f(Dp (1—f@)v
Ao T T s e T —s o Sk
= pt <

Indeed, by construction, p* is the threshold value of p which would make this inequality
hold with equality. But, since p; < p* —n for all ¢, p < p* —n < p*, a contradiction.
The proof for the latter part of the claim is similar. Suppose that z; > pu, for all ¢ below

some ty. By our genericity assumption, we must have z} > pu, for all t < ¢y, so
Us = f(0)pe + (1 = f(0)(v + 6T 1) (13)

for all t <t,. Letting z = limsup,_,_, jt, we must have limsup z; > @, or equivalently

aTF(1) = F0) +v+0limsupU, > i

In turn U, is bounded above by a hypothetical U calculated under the assumption that no

one attacks in the future and p, = 7 for all ¢, i.e.,

f0)n (1= f(0)v
1-0+0f(0)  T—6+4f(0)

limsup U, < U=

Then we must have

c F(O)7 (1 FO)
G —Fo) T er0) 0T 51 64(0)

= p >

> 7

But by assumption 7z > . + 1 > fi., a contradiction.
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A.6 Proof of Proposition 3

By Equation (4), g—i = 1. For ¢’ > t, assuming a marginal change that does not change the

equilibrium actions, =} only depends on vy through U, which only depends on vy through

Usita, ..., which only depends on vy through Uy. So

t'—t—1 t'—t

81}: 3Ut+1 8Ut+s 3Ut/ ’_
8I/t/ al/t/ g aUt+s+1 al/t/ H ( f( Mt+s>$t+s)> - 07

s=1

with equality only if f(1) = 1 and ju4s > af,, for some s between 1 and ¢’ —t. As for changes

in p, by Equation (4), g% = 0. However, ‘g—it = [(Luy.>az, ). Hence, for t' >,
ﬁxf rot 8Ut+ 6Ut/ / rot
:5 ——S :5t7t (1— 1 ¥ > 1 1> >07
Opy 51]1: OUys11 Oy E f< Hitts> t+s) f( Py > t’) =

with equality only if f(1) = 1 and ju4s > xf,, for some s between 1 and ¢’ —t—1, or f(0) =0
and py < x}.
0]

A.7 Proof of Remark 3

The social planner aims to maximize the sum of the citizens’ (expected) ex ante utilities,
S o7 6tuy. The threshold in Equation (5) then follows from the following argument.

Let o* be a strategy profile that maximizes social welfare. (It is not hard to prove
existence.) Consider now the game G with altruistic citizens (Section 6.1) with altruism
parameter a. (The solution of this model is given in the proofs of Lemma 1 and Proposition
1.) Take a = 1, so that every citizen has the same payoff function, which coincides with the
planner’s.

We claim that ¢* must be an equilibrium of G'. Indeed, if it is not, then, starting from
the conjectured strategy profile o*, there must be a player ¢ with a profitable deviation
from o to another strategy ;. But, since all the players have the same payoff function as
the planner, this means that social welfare must be higher under (&;,0*;) than under o*,
contradicting the optimality of o*. Since G'! has a unique equilibrium (Proposition 1), the
threshold z;” then comes simply from setting & = 1 in Equation (8).

(i) follows from the fact that the planner’s payoff from any fixed strategy profile weakly
increases as u; or v increases; since the planner has full control over the players’ strategies,
her optimal payoff must increase by at least as much as if strategies are held fixed (if anything,

re-optimizing given the new parameters might yield further gains).
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(ii) follows from the fact that, per Proposition 2, po(1) = (1) = p*(1) if f(0) = 0.
Then there are protests in every period if p > p* and never if p < p*.
U

A.8 Derivation of Equation (9)

By analogous arguments to those used in the proof of Proposition 1, z; (o, 0g) is the unique

value of = that solves the equation

0=—c+E|((1-p)bs— 11— 6T1s1) (f (z}+1> —f(l})) + O, f (m%) |xit:x}

n

—— —c+((1—p)xr—v — 5Ut+1)f(1) — /) + prZ:1 / (%)

ge—0 n n

)

which yields Equation (9).

A.9 A Model of Fighting to Survive

This extension demonstrates the flexibility of our framework by considering a variant of
the model with the following properties. Suppose now that, while the movement survives,
the agents receive flow payoffs 6, in every period. If the movement is crushed in period t,
there are no more opportunities to demonstrate in the future, and agents receive a lump
sum v, once and the game ends. (Of course, v; can represent a discounted sum of payoffs.)
Demonstrating still costs ¢. The probability that the movement survives period t is f(l;).

Then the net payoff of demonstrating for the marginal agent is
—c+akl [(Qt + 00U 1 — )|z = x:(ae)} ,

where U, is the continuation payoff from arriving at ¢ + 1 with the movement still active.

Hence, the limit equilibrium cutoff as o, — 0 is now

l’r = + 1 — 5Ut+1- (14)

As in the main model, agents are reluctant to protest relative to the social planner’s solution
(because they do not fully internalize the benefits), which means that a marginal change
in the future parameters which shifts the equilibrium from not attacking to attacking in a
future period will discontinuously increase the players’ payoffs. But, in this variant of the

model, such an increase in continuation utilities encourages more protests today, since the
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citizens are more likely to accrue that higher continuation utility precisely if they do protest
today. (Mechanically, this appears in Equation (14) as a negative sign in front of the term
6U,41: an increasing continuation utility from survival lowers the threshold z} for protesting
today.) More generally, expectations of future agitation reinforce, rather than discourage,
incentives to fight today.

The logic leading to intermittent protests in the main model is then reversed, leading
instead to bang-bang solutions. For example, then, if we assume v, = 0, instead of there
being a range [u., 1*] of protest payoffs leading to intermittent protests, there is a single
threshold p* = m such that, if u; < p* for all ¢, almost nobody protests in each
period, while if y; > p* for all ¢, most citizens protest in each period.

Chassang (2010) studies a closely related model, with two players who must both coop-
erate for the relationship (analogously, the protest) to survive, and a stationary environment
(which does not allow free variation over time of y; or 1) but with an infinite horizon. In the
infinite-horizon case, the dynamic complementarity discussed in the previous two paragraphs
is still present, but we can no longer backward induct from a last period to find a unique
equilibrium. Within his model, Chassang provides an elegant characterization of (potentially

multiple) infinite-horizon equilibria that are Markovian in a certain sense.
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