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Bayesian Persuasion in Coordination Games'

By ITAY GOLDSTEIN AND CHONG HUANG*

Regime-change games have been studied
widely in the economic literature in the con-
texts of bank runs, currency attacks, political
revolutions, and others. Usually, agents need
to coordinate an attack against the status quo:
once sufficiently many agents attack, the regime
changes and agents who were attacking benefit
from their attack; otherwise, the regime stays
and agents who were attacking it have to bear
a cost.

An important angle of coordination games is
the transmission of information from the policy-
maker, or the defender of the status quo, to the
agents who have to make a decision whether to
attack the regime. The policymaker can attempt
to change the information available to agents
to increase the likelihood of the survival of the
regime. In this paper, we present a model where
the policymaker attempts to transmit informa-
tion in this spirit. Specifically, we study a model
where the policymaker can commit to abandon
the regime automatically (before agents choose
whether to attack or not) if the fundamentals
determining the strength of the regime are below
a certain threshold. The benefit of committing
to abandon the regime more often is that, con-
ditional on the regime not being automatically
abandoned, agents update their information
to account for the fact that the fundamentals
are above the threshold and so their inclina-
tion to attack decreases. The disadvantage is
that it directly increases the likelihood that the
regime will not survive (since it is automatically
abandoned).
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Analyzing this problem we show that the pol-
icymaker finds it optimal to commit to abandon
the regime often enough such that when agents
see that the policymaker did not abandon it they
choose not to attack. Hence, the policymaker
chooses to maximize the benefit out of the infor-
mational transmission channel from the com-
mitted policy. At the same time, the policymaker
has no additional benefit in committing to aban-
don the regime beyond that point as it will cause
too frequent abandonment without additional
information benefits. The commitment ability
of the policymaker is key here. We show that
without commitment ability, the policymaker
ends up abandoning automatically less often,
but this triggers more attacks, such that overall
the regime survives less often.

The analysis has implications for various set-
tings. Consider the currency attack model studied
in Morris and Shin (1998), where a central bank
tries to maintain a fixed exchange rate regime,
but is subject to speculative attacks from trad-
ers in the foreign exchange market. If the central
bank commits ex ante to abandon the regime
whenever the fundamentals are sufficiently
weak, then seeing the regime being maintained,
speculators update positively and the attack
becomes less likely. Similarly, in the context of
bank runs, as in Goldstein and Pauzner (2005),
the bank may like to design a policy whereby
investments are liquidated if their fundamentals
are relatively weak. The bank may choose to do
so more often than is ex post desirable for the
purpose of deterring runs when fundamentals
are even stronger.

Our paper contributes to the vast literature
of coordination games, and in particular global
games that are used in our model. This litera-
ture goes back to Carlsson and van Damme
(1993) and has been applied and extended in
contexts like currency attacks (Morris and Shin
1998), bank runs (Goldstein and Pauzner 2005),
and others. Specifically, our paper is related to
other papers that study endogenous information
in global games, such as Angeletos, Hellwig,
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and Pavan (2007) and Huang (2015). In these
papers, agents get information endogenously
from the failures of previous attacks. In our
paper, the endogenous information is provided
by the policymaker who designs it strategically
to affect the likelihood of failure.

Other papers have analyzed the attempts of
policymakers to affect the information available
to agents in global games models. For example,
Angeletos, Hellwig, and Pavan (2006) analyze
the central bank’s interest rate policy as a tool to
signal the strength of the currency, and Edmond
(2013) studies how a dictator can manipulate the
private information available to agents consid-
ering a revolution. However, these policies are
costly, which reduces the policymaker’s incen-
tives to employ them. The policy we study here
is much simpler, as it is just about direct infor-
mation transmission. In equilibrium, it ends up
having no cost, as the policymaker abandons
the regime in cases in which it would have
been abandoned anyway following an attack.
Unlike in these other papers, however, our
policy requires commitment on the side of the
policymaker.

The design of information in our paper is in
the spirit of the growing literature of Bayesian
persuasion following Kamenica and Gentzkow
(2011). The automatic regime change policy
can be viewed as an information transmission
mechanism, which generates two “straightfor-
ward signals”: abandoning the status quo auto-
matically corresponds to a recommendation of
attacking, and maintaining the status quo corre-
sponds to a recommendation of not attacking.
Our paper contributes to this literature by ana-
lyzing the information design in a regime change
game, which features coordination among mul-
tiple receivers who have heterogeneous private
information."

'A recent paper by Goldstein and Huang (2016) also
analyzes information design when receivers have coordina-
tion incentives and heterogeneous information. Their model
deals with credit rating policies and how they affect inves-
tors” decisions to invest in the firm’s bonds and the firm’s
investment decisions. The feedback effect to the firm’s
investment leads to a much more complex analysis with very
different equilibrium outcomes.
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I. A Regime Change Game with Bayesian
Persuasion

There are three dates, t = 0, 1, 2. A regime has
two possible outcomes: the status quo (R = 0)
and the alternative (R = 1). The strength of the
status quo is described by 6, which is drawn
from the prior distribution (8, a ") at date 1.
Such a prior distribution is common knowledge
at date 0.

As in other regime-change models, there is
a continuum of agents who try to trigger the
regime change. Agents are uniformly distrib-
uted over [0, 1] and indexed by i. At date 2,
conditional on the regime still being in place
(more on this below), each agent i has to choose
between two actions: attack the status quo
(a;=1) or refrain from attacking (a; = 0).
Agents make their choices simultaneously.
Denote by A the total measure of agents attack-
ing, the regime will change from the status quo
to the alternative following the attack, if and
only if A > 6.

The strength of the status quo, ¢, is unknown
to the agents when they make a decision whether
to attack or not. However, before making a deci-
sion at date 2, any agent i observes a private
signal x; = 0 + &, where &~ N(0,67Y) is
independent of 6§ and independent across agents.
As in standard regime-change games, we con-
sider the case that (3 is sufficiently large.

At the end of date 2, the agents’ payoffs real-
ize. If an agent does not attack, he will get the
payoff O for sure. If an agent attacks, his payoff
depends on whether the regime changes: if the
status quo is abandoned, the agent will receive
a payoff 1 — ¢; but if the status quo remains
in place, the agent will get a payoff —c. Here,
¢ € (0, 1) is the cost of attacking.

The new ingredient we add to this standard
regime-change framework is to allow the pol-
icymaker, who is in charge of the regime, to
commit at date 0 to an automatic regime-change
policy at date 1 (prior to the coordination game
described above). Specifically, after observing
the realization of 6 at date 1, the policymaker
will abandon the status quo if and only if the
strength of the status quo, 6, is less than or equal
to a threshold y. If & > y, the policymaker will
maintain the regime, but then the agents may
force abandoning the status quo based on the
coordination game at date 2, as described above.
For simplicity and when there is no confusion,
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we call an automatic regime change policy with
the threshold y: “policy y.”

The policymaker can commit on y at date 0.
She chooses the policy to maximize the overall
probability of the survival of the status quo. This
policy acts like Bayesian persuasion because
the decision of the policymaker whether or not
to maintain the regime at date 1 sends a mes-
sage to the agents about the strength of the
regime. Moreover, how informative this signal
is depends on the policy y the policymaker com-
mits to.

We are interested in a monotone perfect
Bayesian equilibrium. If there are multiple
equilibria in the coordination subgame at date
2, we select the one with the largest measure
of agents attacking. That is, different from the
“sender-preferred perfect Bayesian equilibrium”
selected by Kamenica and Gentzkow (2011),
we consider the “policymaker least preferred
perfect Bayesian equilibrium.” So, the policy-
maker will choose a policy knowing that for any
policy she chooses agents will coordinate on
the worst possible outcome for her. Otherwise,
if we consider the policymaker’s preferred
equilibrium, the coordination feature of the
model directly implies that the policymaker
will choose the policy y = 0. Essentially, by
abandoning the regime whenever attacking is a
dominant action, the policymaker eliminates the
lower-dominance region in global-games mod-
els, giving rise to an equilibrium where no one
attacks after seeing that the policymaker chose
to maintain the regime. While this is an inter-
esting observation, demonstrating the potential
effect of the automatic regime change policy, it
is rather trivial. The literature on coordination
games often focuses on the bad outcomes, and
so we focus here on the least preferred perfect
Bayesian equilibrium.

II. Equilibrium Characterization

We now characterize the policy chosen by the
policymaker at date 0. We derive it by backward
induction. We start by analyzing the coordina-
tion game at date 2, following a committed pol-
icy y and the status quo surviving at date 1 (i.e.,
0>y).

Considering a monotone equilibrium, given
the agents’ strategy, the measure of agents
attacking is decreasing in the strength of the
status quo. Therefore, there must be a 0% >y,
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such that the regime changes if and only if
0 < 0*. Consequently, maximizing the proba-
bility of the survival of the status quo is equiv-
alent to minimizing 6*. The policymaker will
thus choose the optimal y such that the regime
change threshold 6 is minimized.

Now, thinking about agents’ decisions, we
know that the survival of the status quo at date
1 conveys to all agents that > y. Agent i with
private signal x; then forms a truncated normal
posterior belief about 6, which leads to the pos-
terior belief of a regime change

ofva s a(F o)
ofva+a(Tii )|
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Since such a posterior belief of regime change is
strictly decreasing in x;, agent i will attack if and
only if x < x*. Here, x* is determined such that
an agent who observes x * is indifferent between
attacking and not attacking:

el o)

(1) —c=0.
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Given agents’ strategy, because the status quo
will be abandoned if and only if 6 < 0, we have

(2) A =e(VB"—67)) =0,

where @ is the cumulative distribution function
(cdf) of the standard normal distribution. That
is, at 0, the measure of agents attacking is just
the same as the strength of the status quo.

We solve x* as a function of 8* from equation
(2) and substitute the latter into equation (1).
Then, the left-hand side of equation (1) becomes
a function of #*. We denote such a function by
H(0%). As shown in Angeletos, Hellwig, and
Pavan (2007), when y € (0,1), H(6") = 0 has
at most finitely many solutions. The largest solu-
tion corresponds to the policymaker least pre-
ferred equilibrium, because the regime change
threshold is the highest. In addition, for any 0%,
H is strictly decreasing in y. illustrates
that increasing the committed policy from y’to y
to y”, leads the H function to keep moving down.

Importantly, when the policy is y’, there are
two solutions to the equation H(6*) = 0, and
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the larger solution, denoted by @', represents
the chosen equilibrium in the subgame. Hence,
when the policymaker commits to the policy y’,
the regime change threshold is 6’ > y". When
the policy is y”, there is no solution to the equa-
tion H(0*) = 0, and the subgame has a unique
equilibrium in which no agent attacks. Hence,
when the policymaker commits to the policy y”,
the regime change threshold is just y”. When the
policy is ¥, the equation H(6*) = 0 has a unique
solution 6. Such a solution corresponds to the
equilibrium that is least preferred by the policy-
maker in the subgame.

Hence, thinking about the threshold below
which the regime is abandoned, we can see that
itis decreasing in y as y increases to , and at that
point it makes a discrete jump down, and starts
increasing as y continues to increase beyond .
This suggests that the policymaker would like
to set the committed policy just above y and as
close as possible to it. This creates a technical
difficulty, as there is no well defined equilib-
rium for the whole game: The policymaker will
not settle at any point above y, as she always
wants to get closer to y (but not set the policy at §
itself). To overcome this issue, we make a small
technical assumption that y cannot be in a small
open interval (3, y*). Formally:

ASSUMPTION 1: The policy y must be in

(700’ j}] U [y*’ +OO)’

where § is the policy such that H(0*) = 0 has a

~

unique real solution 0, andy™* € (3,0).

FIGURE 2. SURVIVAL PROBABILITY

With Assumption 1,[Figure 2| below illustrates

the overall status quo survival probability as a
function of y. And the analysis of such a func-
tion leads to Proposition 1.

PROPOSITION 1: Under assumption 1, and
under the assumption that the policymaker
least-preferred equilibrium is selected at the
coordination subgame, the policymaker chooses
to commit to the policy y* at date 0, and no
agent attacks at date 2 after the policymaker
maintains the regime at date 1.

Intuitively, the policy y* achieves the opti-
mal balance between the positive informa-
tional role of the policy and the negative direct
effect it has on the survival likelihood. The
threshold y* is high enough so that in case the
regime survives after date 1, agents are opti-
mistic enough about 6 that they choose not to
attack. As a result, the regime survives the
overall game whenever its strength is above
y*. Alternatively, if the policymaker chose to
commit on abandoning the regime less often,
her maintaining the regime would not reveal
enough positive information to speculators and
would still trigger attacks such that the overall
probability of survival of the regime would drop.
At the same time there is no need to increase
the committed threshold above y™* as this will
lead to abandoning the regime automatically
more often without additional informational
gain.
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III. The Benefit of Commitment

Without commitment, if all agents refrain
from attacking provided that the status quo
survives at date 1, the policymaker, after observ-
ing 6 € (0,y"], will deviate to not abandoning
the status quo. Because agents cannot detect
such a deviation and thus do not attack, the pol-
icymaker’s deviation is obviously profitable.
Hence, the policy in the equilibrium character-
ized in Proposition 1 is not time-consistent; it
requires the policymaker to have the ability to
commit. In Proposition 2, we characterize the
equilibrium policy when the policymaker can-
not commit.

PROPOSITION 2: When the policymaker does
not have commitment ability, any y <V is an
equilibrium policy, but any y > y* cannot be an
equilibrium policy.

We can rank the equilibria when the policy-
maker cannot commit to a policy by the policy-
maker’s payoff. Since 0* is strictly decreasing
in y when y <3, the policymaker obtains the
lowest regime change threshold 6 in the equi-
librium with the policy 3. Then, because 6 > y*,
we can see that the policymaker can achieve a
higher survival probability if she has the ability
to commit. Intuitively, committing to abandon
the regime more often than is ex post optimal
conveys positive information about the strength
of the regime once the regime is maintained
and so prevents speculative attacks and limits
the likelihood that the regime will ultimately be
abandoned.
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