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Abstract

We study a non-cooperative communication game being played by national policymakers in
a two-country economy including a beauty-contest argument in the utility function of agents
and cross-border technology spillovers. Each policymaker receives some information either
solely on the home technology idiosyncratic shock or on both shocks. She has the choice of
revealing or not the received signal(s). The equilibrium of the non-cooperative game being
played by policymakers may entail revelation, either full or partial, or opacity, full or partial.
This crucially depends on the interplay between the size of countries and the strength of the
beauty contest motive. From a normative point of view, full or partial opacity may be optimal,
showing that the social value of some public information may be negative due to cross-border
spillovers. Public information provided by non-cooperative policymakers may be too little or
too much.
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1 Introduction.

We study a communication game being played by national policymakers in a two-country economy
where private agents value behaving as the rest of society, what is known as a beauty-contest ar-
gument in the individual utility functions. The striking result of Morris and Shin (2002) (hereafter
MS) obtained in a closed economy is that public information may cause excessive volatility in the
presence of such a beauty-contest motive. For this reason, transparency may be detrimental in
economies with strong strategic complementarity. This result conflicted with the existed consen-
sus among the academicians and practitioners about the benefits of transparency and attracted a
lot of attention. Yet this issue has not been studied in the context of multiple jurisdictions and

policymakers having to decide whether to disclose what they know or not.

The empirical relevance of the disclosure of public information in an international economy (more
broadly, in a multi-jurisdiction economy) can be deduced from various examples. Several inter-
national institutions or organizations set guidelines for information disclosure to be used by their
members or affiliated institutions. The "Basel Committee on Banking supervision", an offspring
of the Bank for International Settlement (BIS), issues in its report (chapter 10) disclosure require-
ments which aim to encourage market discipline, describing "the scope of application of disclosure
requirements, along with requirements on the location, frequency, timing of reporting, assurance
considerations and guiding principles on high-quality disclosures".! The IMF advocates, both con-
ceptually and empirically, for greater public debt transparency which implicitly shows that there
exists some opacity in the management of national public debt.? Finally, every government relies
on a classification policy for security reasons. Interestingly, this policy may vary over time, in
particular because of the recent tendency to adopt freedom of information legislation. For exam-

ple, the current U.S. classification policy was issued on December 29, 2009, by President Barack

Thttps://www.bis.org/basel-framework /standard /DIS.htm. The European Banking Authority also sets its
regulatory framework for transparency to be applied by banks and supervised by national regulators.
https://www.eba.europa.eu/regulation-and-policy /transparency-and-pillar-3.

https://www.imf.org/en/Publications /Policy-Papers /Issues/2023 /07 /28 /Making-Debt-Public-Debt-Ongoing-
Initiatives-and-Reform-Options-537306



Obama.?

Our paper tackles this issue. Our objective is to assess the social value of public informations in
a two-country beauty-contest model which captures three important channels between countries.
The first channel relies on a technological cross-border spillover between countries. This spillover
corresponds to a positive correlation between the technology shocks which hit countries. The
second channel is linked to the international strategic complementarity due to a international
beauty-contest argument in the utility functions of agents. It is assumed that they have the
incentive to mimic the actions of other agents residing not only in their home country but also
abroad. Thus, our model can be seen as a model of an international beauty contest. The third
channel is based on the disclosure by national policymakers of relevant economic informations

when they are equally observed by private agents in both economies.

Given these international channels of interdependence, we study the outcome of a non-cooperative
disclosure game being played by the two policymakers. Each policymaker tries to maximize the
welfare of her own country. We successively study two cases. Firstly, we assume that each policy-
maker solely receives an imperfect information about the idiosyncratic shock hitting her country.
Secondly, we enlarge our framework, considering that each receives two imperfect information bits

on the two country-specific shocks. In both cases, the structure of the game is the same.

At the first stage of the game, policymakers simultaneously decide on their disclosure policy.
Their decisions may be either full revelation of all received signals, revelation of one of them, or
no revelation at all. After committing to the chosen disclosure strategy, each policymaker receives
some imperfect information either on the home technology shock or on both shocks. When she
only has information about her country-specific shock, her choice is thus about revealing or not. In
the case of a pair of received signals, her choice may be partial revelation, that is, she may publish
only one of her signals. Our notion of partial disclosure differs from the notions of partial publicity
(Cornand and Heinemann, 2008, Baeriswyl and Cornand, 2014, Myatt and Wallace, 2014) and

partial announcement (Arato, Hori and Nakamura, 2021) which both imply that only a fraction

3Executive Order 13526, replacing EO 12958 and EO 13292.



of agents receives the public signal. It is also different from the notion of partial transparency
(Heinemann and Illing, 2002) which implies that all agents receive an ambiguous public signal.
In our model, partial revelation refers to the situation in which a policymaker publishes part of
her information, and this signal is equally and perfectly observed by all agents in the economy.
Subsequently, private agents, motivated by a beauty-contest argument, make their decisions based

on received information, both private and public.

We study the subgame perfect Nash equilibrium (SPNE) of this sequential game. The results of
our study are as follows. We show that the characteristics of the SPNE depend on the interplay
between the magnitude of the technological spillover and the relative size of countries. In the equi-
librium corresponding to the case of a single information received by each policymaker, she adopts
a dominant revelation strategy, either opacity or transparency. Countries may adopt different
communication policies because of difference in size. For each country, given the beauty-contest
parameter, if the size of a given country is lower than a threshold value, its policymaker chooses
transparency. This threshold value is increasing in the beauty-contest parameter. The possibility
of similar choices by the two policymakers is not ruled out.

Turning to the normative analysis of this case, we prove that the social planner taking equally care
of every agent in the (two-country) world economy and able to decide upon which country-specific
signal to reveal, may also choose a differentiated communication policy. She chooses transparency
about a country-specific shock for a given beauty-contest parameter if the country is sufficiently
small. Comparing the equilibrium and the welfare-maximizing outcomes, too little or too much

information may be provided in equilibrium.

We then consider an extension of this model, where each policymaker receives an imperfect in-
formation on each country-specific shock. This case is studied under the simplifying assumption
of equal country sizes. This case differs from the previous one because a new information-related
cross-border effect comes into play. If the technological spillover is sufficiently weak, both pol-
icymakers are “home-transparent” and “foreign-opaque”, revealing their information about their

home shock and hiding their information about the foreign shock. However, strategic international



complementarity induces private agents to place an inefficiently high weight on the public informa-
tion about the foreign shock. Thus, the policymaker in a given country conceals her information
about the foreign shock in order to prevent the private agents to over-react to this shock: she is
inclined to be foreign-opaque. On the contrary, providing information about the home shocks is
welfare-improving, as it keeps private actions closer to the relevant composite shock and she is
inclined to be home-transparent. As the two policymakers have identical objectives, the resulting
non-cooperative equilibrium is “home-transparent” and “foreign-opaque”. The opposite logic is true
when the technological spillover is extremely strong. In this case, the equilibrium is characterized
by home opacity and foreign transparency. In this equilibrium, each policymaker reveals her signal
on the foreign shock and is silent about the shock hitting her own economy. For intermediate
values of technological spillover, the two opposing effects balance each other and there is full trans-
parency in equilibrium. In this equilibrium policymakers reveal their signals about both shocks. A
full opacity equilibrium is not possible in the studied framework: if a policymaker is fully opaque,
the other one has at least an interest in being transparent about her foreign information. This is a
consequence of the international beauty contest: the home (foreign) policymaker has an incentive
to increase the coordination of the home (foreign) agents but to lessen the capacity of foreign
(home) agents to coordinate. Lastly, we study the importance of the beauty-contest spillover rel-
ative to the technological one as well as its dependence on the relative precisions of the public

signals with respect to the private ones.

The analysis of welfare properties of the SPNE shows that partial disclosure is never socially desir-
able. This is due to the assumption of equal sizes. The social optimum is characterized by either
full transparency or full opacity. The latter case shows that the social value of public information
may be negative in an international economy. Full opacity is optimal if the technological spillover
is sufficiently weak. In this case, both countries are informationally autarkic. Moreover we show
that the full transparency equilibrium is Pareto-optimal. The home opacity equilibrium is always
dominated by full transparency whereas the foreign opacity equilibrium may be dominated by full

opacity. This means that there may be too much or too little public information in equilibrium,



depending on the strength of technological and beauty-contest spillovers.

On the whole, the issue of releasing public information is studied both from a positive and a
normative point of view. Opacity (no revelation of some public information) is an outcome of the
non-cooperative equilibrium, triggered both by the magnitude of the beauty-contest motive and
the relative size of countries. It is also the choice made by a utilitarian social planner caring about
all residents in the economy. The claim that the social value of public information may be negative
is vindicated. The cross-border spillovers generated by public information may be negative enough
so that the best choice is not to publicly communicate about shocks. More precisely, the subspace

of the parameter space for which it is true is sizable and not restricted to extreme parameter values.
Related literature.

A useful survey of the beauty-contest issue is provided by Angeletos and Lian (2016, sections
7 and 8). The extensive debates about the social value of public and private information in
beauty-contest economies, provoked by the Morris and Shin paper, have not ceased. Svensson
(2006) questions the main conclusion of Morris and Shin (2002) and claims that this result can
only be obtained under unrealistic assumptions about the quality of public information. James
and Lawler (2011) debate the criticism of Svensson (2006) and find that transparency is always
detrimental in a beauty-contest model if the policymaker governs the economy with both public
signals and standard policy instruments. Angeletos and Pavan (2004) agree that transparency
may decrease social welfare in environments with strong strategic complementarity, which may
lead to multiple equilibria. Hellwig (2005) and Roca (2010) study the welfare effects of public
information in models with imperfectly-informed monopolistically competitive firms and claim
that public information is always welfare-improving. On the contrary, Walsh (2013) shows that
transparency may be detrimental in a New-Keynesian model with aggregate supply and demand
shocks while Myatt and Wallace (2008) argue that neither transparency nor opacity are optimal in
a world without purely public signals. Angeletos and Pavan (2007) shed some light on the origins
of these debates. In a general linear-quadratic framework, they explore a useful classification of

economies and summarize conditions under which transparency can be detrimental.



Despite of this diversity of the views, these papers focus on the role of information in closed
economies. In these economies, private payoffs are determined by the fundamentals and the strate-
gic coordination inside the economy, without any recourse to the foreign sector. Actually, many
markets with strategic complementarity in private actions are nowadays international, e.g. interna-
tional financial markets. In these markets, investors try to guess not only their home fundamental
factors and the actions of their neighbors but also the fundamentals and the actions of foreign
investors. In such circumstances, it is not surprising that the public information signals affect the
actions of investors in other countries. There is growing evidence that private actions respond
to foreign signals. A number of studies reveal a significant impact of the US news on foreign
financial markets (see Kim and Sheen, 2000, for Australian markets, Bredin, Gavin and O’Reilly,
2005, for Irish markets, Hausman and Wongswan, 2011, for 49 different countries). Ehrmann and
Fratzscher (2005) investigate spillovers between the European Union and the US and find that
macroeconomic news affects financial markets both domestically and abroad. Biittner, Hayo and
Neuenkirch (2012) and Hanousek, Ko¢enda and Kutan (2009) find a significant effect of European

and U.S. macroeconomic news on financial markets in the Czech Republic, Hungary, and Poland.

Our paper complements the existing literature which studies endogenous information structures.
This literature links the endogeneity of informational structure to the informational acquisition
of private agents (e.g. Colombo and Femminis, 2008, Van Nieuwerburgh and Veldkamp, 2009,
and Colombo, Femminis and Pavan, 2014), learning from prices by private agents (Timmermann,
1993, Banerjee, 2011) or by the central bank (e.g. Morris and Shin, 2005, Bond, Goldstein and
Prescott, 2009, Bond and Goldstein, 2015, Boleslavsky, Kelly and Taylor, 2017). In contrast to
these studies we explore a new rationale to the endogeneity of informational structure when private
agents have access to revealed public information at neither cost nor effort, focusing instead on the
behavior of national policymakers. The two-region model of Arato and Nakamura (2013) is close
to ours, as they also analyze the inter-country informational spillover effects in a beauty-contest
economy. Nevertheless, their model does not allow for technological spillovers between countries

and, assuming a single policymaker, does not address the non-cooperative game theoretical setting



which is the focus of our paper.

Our paper differs from the literature on creative accounting (Bernoth and Wolff, 2008), strategic
forecasting by central banks (Tillmann, 2011; Gomez-Barrero and Parra-Polania, 2014) and the
studies of regime change with information manipulation (Edmond, 2013) as we do not discuss
cheating equilibria when policymakers publish biased signals on shocks. Moreover, we do not look

for cheap-talk equilibria which are studied, for example, in Moscarini (2007).

The rest of the paper is organized as follows. The next section focuses on the case where each
policymaker receives an imperfect information on the idiosyncratic shock hitting her country. The
following section enlarges the analysis by investigating the case where each policymaker receives
different and imperfect informations on the two shocks affecting the two countries. Section 4
concludes. For each case, we characterize the equilibrium corresponding to the non-cooperative
game being played between private and public agents, as well as the social optimum chosen by a

“world” policymaker with utilitarian preferences. All proofs are contained in the appendix section.

2 The economy with domestic public information.

2.1 The model.

The economy consists of two interdependent countries, indexed by j € {1,2}.* The economy is
populated by a unit mass of private agents, indexed by i. We assume that agents with i € [0, n]
live in country j = 1, while agents with i € (n, 1] live in country j = 2. The size of country j is

denoted by n; and n; + ny = 1. S7 characterizes the population of country j.

4More generally, our economy is a two-jurisdiction economy. It could correspond to a two-region federation. We
refer to “countries” or “nations” for clarity.



Country j is hit by a composite technology shock ©7:

e = MN¢/ + (1 - N) o7 (1)

0/ ~ N (H? 03)

defining

N o= i (2)
on; + (1 =) (1 —ny)

where 67 is a idiosyncratic (i.i.d.) shock of country j with mean p and variance 7. In what
follows, we assume that p is equal to zero. This assumption does not affect our results about the
value of public information but considerably simplifies the solving of the game. Parameter ¢ in
equation (2) characterizes the extent of a cross-border technology spillover. If ¢ = 1, there is no
such spillover and the composite shock of country j is simply the country-specific shock ¢’ with
N = 1. If ¢ = 1/2, the composite shock for country j is equal to the average of the country-specific
shocks n;67 + n_;6077 and M = n;. In other words, both countries share the same composite
shock. If ¢ = 0, the composite shock of country j is solely equal to the idiosyncratic shock hitting
country —j. Equation (2) also clarifies the role of country size. If n; = 1, the economy collapses
to one country with M = 1. If countries are of equal size n/ = 1/2, the weight associated with the
country-specific shock @7 is solely defined by the technology spillover M = ¢. In this section, we

provide results for ¢ > 1/2.°

The true values of the composite shocks are not known by any agent. Nevertheless each private

agent ¢ in country j receives a private signal x{ on his country-specific shock 67:

x) =0 ¢l (3)

&~ N (0,02)

STf ¢ < 1/2, results are much more complex without driving any interesting insight. Computations are available
upon request.



where €/ is the noise (i.i.d.) included in the private signal #7 and o2 stands for the precision of the
private signal. We assume that private agents in country j do not receive any private information
about shock 6~/ affecting the foreign country —j. In each country, there is a policymaker, denoted
by P; for country j. Each policymaker P; receives a distorted value of her country-specific shock.

Her information 3’ on 67 is characterized by:

y = 0 +7,j=1,2 (4)
. o\

o~ N(0,0},),j=12

2

where 77 is the noise (i.i.d.) of a signal about shock ¢/, received by P;, and o,

; stands for its

precision. 7’ and € are independently distributed. We assume that o, I = o, 3= o, 7 and that
the public information about €’ is more precise than the information received by private agents:
2

o, » > 0,2 This is justified by the fact that policymakers have at their disposal a professional

body of statistical agencies and, therefore, a superior capacity to observe shocks.

The payoff function of a representative private agent is formalized by the following private loss

function:

zg=<1;r> (a] - )" +5 (L1 - 1) (5)

is a private action of agent ¢ in country j, L] = [(ax — a)*dk and L = [ L}, dm +
0 S

[ L,7 dm. The private loss is defined as the sum of two elements: the squared distance between

S—i

the private action a] and the composite shock ©7, and the average distance between the private

J

i

where a

action a‘g and the actions of other agents. The latter element corresponds to a beauty-contest
argument. The parameter r € [0,1] characterizes the relative strength of the beauty-contest
argument in private loss. If r is equal to zero, there is no beauty-contest effect and private actions
are defined by the desire to be as close to the composite shock ©7 as possible. If r is close to one,
the beauty-contest effect is so strong that private actions are defined almost entirely by the desire

to be close to the actions of others. As we can see from (5), a private agent cares not only about

10



the average distance between his action and the actions of other agents in his home country but
also about the distance between his actions and the actions of the agents in the other country. The
parameter r characterizes the magnitude of the international beauty contest.® This specification
of the individual payoff function is a straightforward extension to an international economy of the

specification used by Morris and Shin.

The beauty-contest argument in (5) can be rewritten as follows:

LI —L=n; @ —al)?+n_; (@’ —al)?—njo2 —n_jol, —2nmn_; (@ —a’)?, (6)

2
al

where @ = (n/ )_1 sz csi ai dk is the average private action in country j and o =
(nd)~! Joegs (@l —a@ )2 dk is the dispersion in private actions in country j. Equation (6) clarifies
the factors which contribute to private loss via beauty-contest argument. Due to beauty-contest
motives, private agents value negatively the distance to the average action in their domestic coun-
try @ and the distance to the average action abroad @7. This means that an agent would prefer
to keep his action as close to the averages in two countries as possible. According to the three
last terms, the private loss depends negatively on variances of actions in each country, o2 and
az,j, and the inter-country diversity measured by the squared difference between the two averages
(aj —a’ ) 2. These three terms measure the diversity of country-specific and inter-country private
actions. It means that an agent prefers to live in a heterogeneous society, even though she cannot
affect its diversity, as the three last terms in (6) do not depend on the action of agent i. As we
will see later, policymakers on the contrary may affect this diversity and this fact determines the
properties of equilibrium. According to (6), the distribution of actions, reflecting the heterogene-
ity of private information, matters in the interaction between individuals through higher-order

expectational effects.”

6The presence of an international beauty contest differentiates the loss function (5) from the loss function in the
two-region model by Arato and Nakamura (2013) who study a region-specific beauty contest.

"Baeriswyl and Cornand (2014) use an alternative specification for the payoff function, as they reason on a
reduced-form utility function which solely depends on the levels of individual actions and not their variances. Arato
and Nakamura (2013) also reason on individual reaction functions which solely depend on the levels of individual
actions and thus do not take into consideration their distributions. Angeletos and Pavan (2007) provide a very

11



Any policymaker is benevolent and utilitarian: her goal is to minimize the sum of private losses of

agents residing in her country: Lp, = fz csi l{ di. Thus the public loss of country j is:

ij:l‘?"/ '(a{—@j)ZdH—f/ (L~ T) di 7)
2 Jiesi

S

The public loss of country j is defined by the average squared distance of private actions to the
home composite shock and the public beauty-contest argument represented by the second term in

(7). Taking into account (6), we rewrite the public beauty-contest argument as follows:
/ (L7 — T) di = nyn_; [agj — o2, 4+ (1-2n) (@ — a—fﬂ 8)
i€S7

According to (8), the public beauty-contest argument depends positively on the variance of private
actions in the home country and negatively on the variance of private actions in the foreign country.
Due to the beauty-contest motive, a policymaker is better-off with a lower diversity inside her home
country and a higher diversity abroad. Yet, she is better-off with a lower inter-country diversity if
her country is large (n; > 1/2). These properties of the public beauty-contest argument result from
the aggregation of the private beauty-contest arguments over the population of one country instead
of the whole population of the economy. Comparing (8) and (6) highlights the difference between
private and public beauty-contest arguments. Private agents value positively the diversity in their
domestic region. However, higher domestic diversity on average leads to higher squared distances
of actions to the averages in two countries (the first two terms in (6)). This, in turn, increases
the public loss and any policymaker values domestic diversity negatively. Similarly, private agents
positively value the inter-country diversity measured by the last term in (6). However, higher inter-
country diversity makes it more difficult for domestic agents to mimic the foreign average actions.

This increases the public loss and compensates the decreasing effect of this factor on the average

general implicit specification of a utility function with beauty contest argument, allowing them to differentiate the
various spillover effects due to higher-order expectations. But given the implicit characteristics of this specification,
it is impossible to obtain explicit solutions of games and thus make comparisons about the outcomes in different
settings which is our goal here.

12



private losses. The resulting effect of the inter-country component on the public loss depends on
the size of the region. A small country (n; < 1/2) does not appreciate the inter-country gap, as
(1 — 2n;) is positive and the loss increases. A large country (n; > 1/2) values the inter-country

gap positively as (1 — 2n;) is then negative and the loss decreases.

For what follows, it is useful to rewrite the expected public loss (7):

ELp, = %nj [(1 —r)E (@ —©)*+ (1 —rnj)o; —rn_jo.—; +rn_j (1 —2n;) E (@ — E’j)z]

(9)
The first component in Equation (9), (E (a/ — ©7) ?), reflects the incentive of the policymaker to
keep the average private actions in her domestic country as close to the relevant composite ©7 as
possible. Providing information on domestic shock €’ to private agents forces them to pay more
attention to a corresponding public signal. This can move the average actions either closer to the
relevant composite shock or farther from it, depending on the quality of available information, the
strength of the beauty contest and the relative weight of domestic shock in the relevant composite
shocks. The second component in (9), ((1 — rn;) o) reflects the desire of a policymaker to reduce
the diversity of domestic private actions. An increase in the quality of the signal about the domestic
shock forces the private agents to pay more attention to it and less attention to their private signals,
reducing this diversity. The third component of the expected loss, (—rn,jaz,j), makes clear that
the loss of policymaker P; decreases with the diversity of foreign private actions. As we will see
later, in our setting the home policymaker cannot influence this loss component, as she does not
receive any information about the foreign local shock.® The last component of the expected public
loss, (rn_; (1 —2n;) E (a@/ —a™’ )2), has an inter-country nature as it mixes parameters belonging
to the two countries. The policymaker in a large country (n; > 1/2) is interested in the increase
in the inter-country diversity, while a policymaker in a small country (n; < 1/2) would prefer
a lower difference in the average actions in the two countries. The effect of a signal sent by a

policymaker on this inter-country term can be positive or negative depending on the quality of

8We relax this assumption in Section 3.
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available information, the strength of the beauty contest and the asymmetric effect of local shocks
on the average actions in different countries. In our setting, three components of the public loss

depend on the decision of policymaker P; to reveal her information.

2.2  Public signals.

P; may send one signal s/ to private agents. Its precision is denoted by J;f. We assume that
policymakers cannot discriminate among private agents. Once published, signal s’ is equally

available to all agents in both countries.

We assume that the choice of a policymaker is about revealing or not the true value of her in-
formation about the domestic shock. The signal sent by P; about 67 is either y’ or the empty

set:

If P; chooses to reveal her information about 67, her signal 7 is equal to y/. The precision of the
sent signal as_j is equal to o, ,21 In this case, she applies a transparency policy about ¢ and is
referred to as “transparency of P; about 67”. If P; chooses not to reveal the information about 6,

the precision of s/ is equal to zero. This situation is equivalent to adding an infinite noise to signal

y’ and is referred to as “opacity of P; about 67”.

Let 2/ denote a common posterior of #7 given only public information:
d=E(0|s,s,)=ws+(1-w)p

—2
: : _ _ [ . . . . . .
where w? = W’ (0 2.5 2) = —>.— is the signal component of public information and u is a
5,170 o, ito,

common prior about the fundamental shock. The precision of the conditional expectation 27 is

equal to 0';]2 =0, 24 JS’?. As it is assumed that p is equal to zero, the common posterior 27 is

14



given by

2 =wisl, (10)

The next section describes the game played between the two policymakers.

2.3 A non-cooperative game on public information.

Given the two cross-border spillover effects, the technological one and the beauty-contest one, the
two economies are interdependent. Moreover, public information is shared internationally. Agents
individually base their actions both on what they know about the shocks and on the other agents’
actions. This creates an interdependence between the decisions by policymakers to disclose or not
what they know about shocks: a priori, each policymaker’s welfare depends both on her revelation
strategy and the other policymaker’s strategy given that both impact the entire set of actions

made by private agents.

Assuming that the two policymakers do not cooperate on their strategies, this raises a game-
theoretical issue which we explore by means of a simple extensive game based on the absence of

cooperation between policymakers. The game played in the economy consists of several steps:

Step 1. Each policymaker non-cooperatively decides whether or not she will truthfully reveal the
information she will receive on the home country-specific shocks, based on her expected loss
function. The two policymakers make their announcements, simultaneously. Given that each
policymaker has two decision possibilities as shown above, there are four possible outcomes

at this stage of the game. Policymakers commit to their revelation strategies.

Step 2. Private agents and the two policymakers receive their specific informations on the shocks.

Public signals are emitted in accordance with decision of Step 1.

Step 3. Expectations of private agents, based on their information sets, are computed. Private
actions are chosen non-cooperatively so as to minimize the expected private losses. Given

the equilibrium of the game as well as the realized shocks, actual losses obtain.

15



We first search for the solution of the private stage of the game (step 3) and then solve the public

revelation stage (step 1) to find the Subgame Perfect Nash equilibrium of this game.

2.4 Private actions (step 3).

A private agent ¢ living in country j chooses his action a{ on the basis of the received signals
mz .57, 577, The information set of agent 7 in country j consists of three signals: one private signal
xZ and one public signal s’ on the home shock, and one public signal on the foreign shock, s77.

Thus the whole information set I7 is defined as (z7,s7, s77).

The objective of agent 4 living in country j is to minimize the expected value of the loss (6) given

his information set I7. His optimal choice is as follows:

af =argmink {1 g 4 (a; — @j) 24
L @ ), @ = ) o

— ot —onan_; (@ —a7)?
9 i ai — M—j0q—i 2”]”‘] (CL a )

rloay

As an agent cannot influence the dispersion in private actions and the gap between average actions

in the two countries, the solution to (11) is:
al =E[1—r)(No" + (1=N)07) +r (na +n_ja )| ] (12)

As we can see from (12), this private action is defined by expected country-specific shocks and
expected average actions in both countries, according to the information set Iij . We observe that
the action of a given agent in country j is an increasing function of the average action in his
home country j and the average action in the other country —j. The extent of this response is
parameterized by r, the beauty contest parameter. If r is equal to zero, private actions do not
depend on the expected average actions in the economy. In this case, the optimal private action
is equal to the expected value of the composite shock, ©7. If there is no technological spillover

(¢ = 1), the action of agent ¢ does not depend on the foreign shock.
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The rational expectations of the country-specific shocks formed by agent ¢ in country j are given

by the following expressions:

(0] =/, a]) T (
E(¢|,2])= —2—2 + —2—xa] 13)
0. to o +o?
E (0_j| 277,0) =277 (14)

As we can see in (13), a private agent weighs the two components of her information set according

to their precisions. The weight of the public signal 2/ in forming the expectation of the home

-2
Zhj’

shock depends positively on the precision of the public information, o, %, whereas the weight of the
private signal a:f depends negatively on this precision. The sum of the two coefficients is equal to
1. As the only source of information about the foreign shock is the public signal, the expectation
of this shock is equal to the value of signal 277. According to equations (13) and (14), agents in
the two countries use public signals differently. Agents in country j weigh the value of signal 27
using their private signal and the weight of public signal is less than 1. Agents in country —j have

no other information about country j than the public signal z/ and the weight of this signal in the

expectation of the shock affecting country —j is equal to 1.

The first-order condition (12) along with (13) and (14) implies the following private linear strategy:

al =Vl 42 4 (15)

The average of private actions, computed for the linear strategies (15), is:

@ =00+ +d (16)

given that xf =07+ 8{ and 53 are 7.i.d. shocks, the number of agents being large. Combining (13-
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16) and the first-order condition (12), we get:

. 1— ) No2?
b7 - ( r) O-gig —2 (17>
(L=rng)o;?+0y" + 0,
. . . , 1—r)Nog72
& =N trn_j(1—x7 —N) - U=r)¥o," (18)
(I=rnj)o;?+0," + 0,
#=(1=XN)+rn_; X7 = (1-N)] (19)

All coefficients given by (17), (18) and (19) are positive and

V+d+d=1.

The coefficients ¢/, associated with the private signal, and ¢/, associated with the home public

2

;2 and o_7. An increase in o

xT

2

signal depend on o, o means that the private signal becomes

2 -2

or in o_ :

more informative and leads to an increase in 0’ and a decrease in ¢/. An increase in o, 5

means that the private signal becomes relatively less informative and leads to a decrease in &’ and
an increase in ¢/. The joint impact of domestic information on the private action is defined by the

weights of local shocks in composite shocks and the extent of beauty contest:

bj+cj:)\j+rn_j[1—)\_j—)\j].

When the beauty contest is absent (r = 0), the joint impact of domestic information coincides with
the weight of the local shock 67 in the composite shock (0 4+ ¢/ = );) and the coefficient associated
with the foreign public information is equal to the weight of the foreign shock (&7 =1 — \;).

When r # 0 and ¢ < 1/2, ¥/ +¢ > \;. When ¢ > 1/2, ¥/ 4+¢/ < );. This deviation from the weight
of #7 in the composite shock for country j arises because of the international beauty contest. As
private agents want to mimic the actions of foreigners, they adjust their actions accordingly and
the extent of this effect depends positively on the strengths of the beauty contest and the size of

the foreign country. The larger is the foreign country and the stronger is the beauty contest, the
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larger is the deviation from the weight of the domestic shock. When ¢ = 1/2, the weights of any
shock coincide in both countries and there is no incentive to deviate from this weight despite the
international beauty contest (0’ + ¢/ = A\; = n;). When the international beauty contest is in
play and the weights of #_; do not coincide in the two countries, coefficient ¢’ deviates from the
weight ); in the composite good. If ¢ > 1/2, & is larger than (1 — \;). If ¢ < 1/2, it is lower
than (1 — \;). If ¢ = 1/2, the weights of any shock are equal in two countries and the impact
of the foreign information on the private agents coincides with its weight in the composite shock

(djzl—)\le—n]>

As the actions of private agents depend on the two signals sent by the policymakers, this gives rise
to informational cross-border spillovers. These spillovers are based on the fact that any bit of public
information is available to and used by any agent residing in any country of the economy. These
informational spillovers create the possibility for each policymaker to influence private actions
in both countries. In the reaction function (15) defining the action of agent ¢ in country j, the
coefficient associated with his private signal, #’, and the coefficient associated with the home public
signal, ¢/, are affected by the revelation decision of P;. In this setting with a single public signal
(on the domestic shock), the only component of the loss function (9) that cannot be affected by P;,
is the diversity of foreign private actions. The loss supported by P; decreases when it increases but
she cannot affect it. We shall see in Section 3 that, when two signals are received by policymakers,

this creates an additional cross-border spillover, linked to public signals.

2.5 The Subgame Perfect Nash Equilibrium.

In the first stage of the game, both policymakers decide on their disclosure strategies knowing
that the private actions at Step 3 are chosen according to the strategies given by (15). When
substituting the private strategies (15) and coefficients (17-19) for j = 1,2, the public loss function
(9) appears to be formed by two components. Each of them depends on the country-specific

information (see Appendix A). The “home” loss component depends on information about the
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domestic shock and can be affected by the decision of P; about revealing or not her signal. The
“foreign” loss component depends on information about the foreign country-specific shock and is
affected by the disclosure policy of P_;. This means that the function of expected public loss is

separable in o and o,

The non-cooperative simultaneous solution of the public information stage is based on the mutually
consistent decisions of policymakers to reveal or not their information on the technology shocks.
Formally, a strategy for policymaker P; is the precision of the sent signal: P; = (O’S_JQ) We define
the Subgame Perfect Nash Equilibrium (SPNE) as follows:

Definition 1. The SPNE is the pair of strategies (Py, P;), P} = (0_2)*, such that

s?]

-2

(072)*:arg min ELP( 7],0'5 ],09 o )forj—l 2,

selomi)

and ELp, (o 53709 , 2,0, 2) is obtained from (9) by substituting (15) and (17-19).

Finally, we make a simple “tie-break” assumption so as to avoid the multiple solutions generating

the same outcome.

Assumption 1. If ELp, (0,2, 0,%,,04% 0,%) = ELp, (0,0,2;,0,°,0,2), P; chooses revealing 1’ .

s,—71) S j’ x

Assumption 1 states that if a policymaker is indifferent between revealing or not her information,
she chooses revealing. Let 1) = 9 °/o;? denote the relative precision of the common prior and
& = U;i/of > 1 denote the precision of information received by policymakers relative to the
precision of information received by private agents. Regarding the existence and characteristics of

a SPNE, we offer the following

Proposition 1. For given (§,7,n;) and ¢ > 1/2, there exist n;(r) and 1/;(7", nj, ,€) such that

opacity s chosen by P; in equilibrium if the following set of conditions is fulfilled:
1.n;>n;=1/(2-r),
2. bej < 7& (7“, nja ¢7 5)

Otherwise, transparency is chosen by P; in equilibrium.
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Proof. See Appendix B. ]

Proposition 1 states that opacity may be chosen by a policymaker in a large country (see Figure
1 for the regioning in (r,n) space), even if the information received by policymakers has a higher
precision than the information received by private agents. To understand this result, let us discuss
the properties of the loss function (9). The first component in (9), (3n; (1 —r) E (a/ — ©7) ?), rep-
resents the expected squared error in the average private action relative to the relevant composite
shock. Public information about the domestic shock can either decrease this loss component be-
cause better information helps agents to better forecast their relevant composite shock or increase
it as the beauty contest may lead them to pay too much attention to this signal. The second

1

component in (9), (5n; (1 —rn;)o

2

Z;), represents the diversity of private actions in country j and

depends negatively on the precision of public information. When the policymaker P; decides to
publish her information, agents put more emphasis to it (increase the related coefficient) less to
their private information (decrease the related coefficient), which leads to a decrease in the second
loss component. When ¢ > 1/2 and ¢, > 0,7, the sum of two first components decreases when
P; decides to communicate her information. To see this, let us consider the limit case of n; = 1,
which corresponds to a closed economy and is the case studied in MS.

Using equation (9), the public loss is given by

U;? +a;2 + (1 —7)%0;2

(02 40,2+ (1 —r)o;2)"

ELpl (7’L1 = 1) = %(1 — ’I“)

)

This function is increasing in 0332 when (03_32 +0,?%) is small. However, if we compare the loss when

. = 0) and the loss when the information is

the policymaker does not reveal her information (o,

-2

revealed (o =

o, 2 > 07%), we see that the loss is lower under revelation. This result contrasts

with the result obtained by MS. This is due to the assumption that the public precision is higher

than the private one whereas MS assume that it is close to zero.”

9Instead of an international beauty contest argument, if we assume that the private payoff function includes a
regional beauty contest one, results would be similar to those obtained when n; = 1 and the equilibrium is always
transparency for any parameter vector. This is due to the disappearance of the difference between the average
actions in the public loss functions.
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When n; # 1, the expected loss includes other components, but components 1 and 2 of the
public loss still favor the choice of transparency. The third component in the public loss func-
tion (—rn_jo2_;) represents the effect of the diversity in foreign private actions. As it solely
depends on the information about country—j, it cannot be affected by P;. The fourth component
(rn_j (1 —2n;) E (@ —a™ )2) represents the inter-country component and can be affected by P;.
When she reveals her information, it becomes easier for private agents to coordinate and the gap
between average actions in the two countries shrinks. For the smaller country (n; < 1/2), the pub-
lic loss decreases. In this case, all relevant components in the loss function (9) are pro-transparency
and P; chooses transparency. On the contrary, for the large country (n; > 1/2), the impact of
revelation on the inter-country component is negative and this favors opacity. As the public loss
in this case decreases with an increase in the inter-country gap in average actions, policymaker P;
would prefer opacity, again despite the quality of her information. It implies that the inter-country
component in the public loss function drives the regioning presented by Figure 1.

Proposition 1 makes clear that the policymaker in a larger country do not chose opacity if r is
large. This happens because agents can use other types of public information (like the priors) to
coordinate. Disclosure or not, average actions in both countries are close to each other due to a
strong motive to coordinate. If, in such a situation, a policymaker does not reveal her information,
this cannot improve much the inter-country component while harming the domestic components in
the loss function. In the extreme case of r = 1, private agents do not use their private information
(" = 0) but they entirely rely on public information and the weights associated with public infor-
mation are equalized across the countries (¢/ = d™7 = njA\j+n_; (1 — A_;)). If the policymakers do
not reveal their informations, private agents are still able to perfectly coordinate using the common
priors. In this case, @ = a7 and the only pro-opacity loss component disappears. If the beauty-
contest parameter is small and the quality of the prior is low (¢; < ¥ (r,n;, ¢,€)), private agents
predominantly rely on the prior p (which conveys very little information) if the public information
is not revealed. In this case, P; chooses opacity as it decreases the inter-country component of the

public loss function.
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Figure 1: The regioning of equilibrium policy in the (r,n;) space
2.6 Welfare analysis

To find the socially optimal information policy, we consider the problem of a social planner who
minimizes the average loss of private agents in the whole economy and decides on the revelation of
signals. As noticed above, the losses of private agents in each country are separable in precisions
of information about the two country shocks. Consequently, the sum of losses of all agents in the
economy is also separable in two components; the first one is related to the signal about 6/ and
the other on the signal about §~7. Hence, the decision of the social planner on the revelation of
signal about one country is independent from the decision about the signal on the other country.

The social planner has 2 possibilities for the revelation of her information about 67. She may choose

—2

transparency: this disclosure policy is equivalent to publishing one signal on 67 with precision Oy b

Or she may choose opacity and reveal nothing about #? which is equivalent to emitting a signal
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with zero precision.

Using (9), we get the social loss function Lg = ) Lp, in the following form:

j€L2

LS = (1 - 7”) [nj (dj - @j)z + njaij + n—j; (aij - @7j)2 + Tlij'Q i| (20)

a7

N |

As we can see from (20), it depends positively on the gaps between the average actions and
composite shocks in both countries. Notice that the social loss function (20) differs from the
policymakers’ loss function (9) in a crucial way: it includes the expected squared error in the
average private action relative to the composite shock in country —j, (E_j — 077 )2. This expected
error depends on the revelation of public signals in both countries but is not included in the
loss function of P;. Moreover, whereas the policymaker for a given country aims at reducing the
dispersion of private actions in her country but at increasing the dispersion of private actions in
the other country, the social planner wishes to reduce the dispersion of private actions in both
countries. Lastly, the social loss function does not contain an inter-country component, which
is in contrast with the local public interests reflected by (9). These differences in the social
and country-specific public loss functions may lead to a discrepancy between the equilibrium and

socially optimal information policies, which will be discussed below in subsection 2.7.
Formally, the optimization problem of the social planner is defined as follows:

Definition 2. The social optimum is the vector (&;12, 6;22) such that

G,2=arg min F(Lg),j=12

v o j€{0oy i}

where FLg = Efj Jicss I/ didj = EL} + EL3 stands for the expected social loss, equal to

e{1,2}

the sum of expected losses of all private agents in the economy and EL? is given by equation (9).

We then offer the following

Proposition 2. For given (€,7,n;), there exist 7; (n;), ¢; (r,n;) > 1/2 and ; (r,n;,$,€) such

that opacity about country j is socially optimal if the following set of conditions s fulfilled:
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1—y/1-n; <1

1.r<r;= o ,

2. ¢ > ng,
3. Z/Jj < &j,
Otherwise, transparency about country j is socially optimal.

Proof. See Appendix C. O

Similar to the public loss function (9), the expected social loss includes the expected squared error in
the average private action relative to the composite shock, (Ej -7 )2, and the diversity of private
actions, asj, in country j. Both components depend on the disclosure of public information about

the country-specific shock 6;. Whereas the first component can either increase or decrease with

—2

s+ the second one necessarily decreases. But under the assumption

an increase in the precision o
that o fQL > 0,2, the sum of them decreases when the policymaker decides to be transparent.

As mentioned above, in equilibrium the inter-country gap in average actions drives the opacity
result. Even though this component is absent in the social loss function (20), proposition 2 shows
that opacity may be socially optimal because of the inter-country information spillovers which are
taken into account by the social planner. Component n_; (E_j Sk )2 in the social loss function
(20) represents the expected squared error in the average private action relative to the composite
shock in country —j. This term depends on the information about country j. If ¢ > 1/2, the
weight of local shock 6; in the composite ©_; is small and equal to 1—A_; < 1/2, and the coefficient
associated with the foreign public signal exceeds the weight of the foreign country-specific shock in
the relevant composite shock (d™7 > 1 —\_;) because of the beauty contest. As a result, providing
public information about country j drives the average foreign action farther from the relevant
composite shock in country —j and can be detrimental for welfare and the inter-country effect
of the public information provision can be negative. If it is strong enough, it can outweigh the

positive effect of transparency on the first two “domestic” components in the social loss function

(20).
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Proposition 2 gives the conditions under which opacity is socially optimal. The regioning illustrat-
ing Proposition 2 is shown in Figure 2. When r > 7, the inter-country beauty contest is so strong
that opacity about 6; cannot prevent the average action in country —j to be driven away from the
composite shock ©_;. In this case, opacity does not decrease the inter-country component in the
expected social loss by much, while increasing the first two “domestic” components in the social
loss function. On the contrary, a reasonable degree of beauty contest (r < 7) justifies opacity, if

the two additional conditions are met.

Proposition 2 highlights the role of technological spillovers. If ¢ is small enough (¢ < qg), the
gap between the coefficient associated with the foreign public information and the weight of the
foreign shock in the composite shock (d™7 — (1 — A_;)) is small. In this case, possible benefits of
opacity cannot outweigh its negative effect on two first terms in the social loss function. On the
contrary, when ¢ is large and the domestic country-specific shock plays a predominant role in the
composite shock, the inter-country effect of opacity on social welfare can be large. As an example,
consider a limiting case with ¢ = 1. The weight of shock 6, in composite shock ©_; is negligible:
(1 —A_; = 0). Nevertheless, strategic complementarity ensures that agents in country —j use the
public information about country j when deciding about their actions: d~7 = rn;. When no public
signal is provided (opacity), they have to rely on the prior value of the shock y;, which is null and
does not lead to a further deviation of their average actions from the relevant composite shock.

When the public signal s; is published, the average private action in country —j deviates from the

2 2

2
njw-

202, In this case,

relevant composite shock by w;rn;s;, which increases the squared error by r
opacity can be desirable.

Proposition 2 also highlights the role of the common prior precision on the social optimum. If prior
information is relatively good (¢; > 1@), the benefits of withholding information are small as it

cannot prevent a large degree of coordination; its increasing impact on the domestic components

of the social loss function can be large and the social planner should choose transparency.
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Figure 2: The regioning of socially optimal policy in the (r,n;) space
2.7 Comparing the equilibrium and the social optimum

In the two previous sections, we showed that opacity may be obtained both in equilibrium and
as the social optimum. However, the reasons driving the choice of opacity by non-cooperating
policymakers and a social planner differ. It is obtained in equilibrium because of the inter-
country component of the public loss function whereas it may be socially optimal because the
inter-country informational spillovers are taken into account. Both factors are not strong enough
in case of a large strategic complementarity effect. In this case, opacity cannot provide a suffi-
cient decrease in the foreign social loss component as private agents coordinate whatever are the

decisions of the policymakers. Neither can it improve the expected public loss. Consequently, for

n;— -\ 1—n; . . . a1 . . .
r > max { 2 — 1; ! ]} (Region 1 in Figure 3) both equilibrium and the social optimum are

J nj
characterized by transparency.

For n > 3/4 and Vi ”nknJ <r< 2”;—1 (Region 2) the inter-country component in the public loss
J

7
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function makes opacity tempting for P; as she values a lot the inter-country diversity. However,
opacity about 67 for this interval increases the expected error in country —j’s average action and
the overall effect of opacity on the expected social loss is negative. Hence, opacity, if chosen in
equilibrium, is not socially optimal. Equilibrium in Region 2 coincides with the social optimum
only if the policymaker chooses transparency. Otherwise, there is too little information in the
equilibrium.

Region 3 corresponds to the subset for which <max {2"71—]_1, 0} <r< ﬁ) . Under these con-
ditions, P; always chooses transparency. If n; < 1/2, she negatively values the gap between the
average actions (a/ —a~7) and transparency decreases this gap. If not, as she negatively values the
diversity in the home actions and transparency reduces it so much, the possible benefit of opac-
ity due to an increase in the inter-country diversity cannot overcome the gain obtained through
transparency. However, transparency may create considerable inter-country spillovers and move
the average action in country —j farther from its composite shock. In the case countries are close
to being technological autarkies (¢ close to 1) and the country-specific shocks are very volatile (1
close to 0), the social planner chooses opacity. As P; chooses transparency in equilibrium, too
much information is provided compared to what is socially optimal.

For the subset represented by Region 4, the comparison between the socially optimal and the
equilibrium information policies may lead to a different result. For example, if ¥ is large but ¢ is
small, transparency is the equilibrium solution as well as the choice of the social planner. However,
if both 1 and ¢ are small, opacity is the equilibrium solution whereas it is not the choice of the
social planner. Hence, too little information is now provided in equilibrium compared to what is

socially optimal. The next corollary suggests the following:

Corollary 1. Depending on the parameters of the model, too much or too little public information

may be provided in equilibrium compared to what s socially optimal.

MS did not investigate this issue since they considered a closed economy with a unique public
authority providing information. On the contrary, it arises in our model because of the plurality

of jurisdictions (countries) which generates the plurality of such authorities.
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Figure 3: The regioning of SPNE and social optimum in the (r,n;) space

3 The economy with multiple public informations.

In this section, we extend our analysis to the case where each policymaker receives an information
on each of the two shocks hitting the economy. The disclosure problem is therefore enlarged:
policymaker P; may decide to reveal all information, her information about shock 6; only, her
information about shock 6_; only, or nothing. The information issue becomes much more complex
since now a policymaker may be willing to differentiate her disclosure decision given the plurality
of its information. In particular, discussing about the social value of “public information” is
inadequate because it is a too vague concept; what is at stake is the social value of each specific
item of public information. As in the previous section, we shall first look for the existence and
characteristics of the SPNE of the game and then study the setting minimizing the aggregate loss

at the world level. In order to get easily readable results, we shall restrict the analysis to the case
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of countries of equal size.

3.1 The modified model.

Assuming n' = n? = 1/2, the weight of the country-specific shock, A;, is equal to ¢ and the
composite shock for country j, ©7, is equal to ¢6/ + (1 —¢)07. In each country (j = 1,2),
the policymaker P; receives two signals, one on each of the two country-specific shocks. Her

information set (yjl», y?) on the shocks (61, 6?) is characterized by:

yho= 0 i k=1,2,=1,2 (21)

ny o~ N(0,00,,).k=1,2j=1.2

y,k,j

where 77;»C is the (i.i.d.) noise of a signal about shock 6%, received by P;, and o, i’j stands for
its precision. All noises in the signals are independently distributed. The signal received by P;
about the idiosyncratic shock 67 is her “home” public information and the signal received by P;
about the foreign shock 0~/ is called her “foreign” information. Their precisions are the same for
both policymakers: 0,7, = 0,3, = 0,7 and 0,°,, = 0,7 = 0,3 for j € {1,2}. We assume
that o }QL > o, JQC In other words, the home information received by a policymaker cannot be
less precise than her information about the foreign shock. Moreover, we assume that o, fc > 0,2
This assumption means that the foreign policymaker’s information about 67 is better than the
information received by private agents in country j. As mentioned above, this is justified by the
superior capacity of policymakers to observe shocks.

P; may send two signals, equally available to all agents in both countries: a home signal, s?, and a
foreign signal, sj_j . As the choice is between opacity and transparency, the signal sent by P; about
the country-specific shock 9;“ is either yf or the empty set:

stoe {0y}, k=12
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The precision of signal S;? is denoted by 08_7,37 ;- It Pj chooses transparency about 6%, the precision
of the sent signal a;,i ; 1s equal to o z ;- 1t she chooses opacity about 0% the precision of signal sf

is equal to zero. Thus, a policymaker can adopt one of the four following information policies:

1. “full transparency”: she reveals all her information about the home and the foreign shocks;

2. “home transparency and foreign opacity”™ she reveals her information about the home shock

and does not reveal any information about the foreign shock;

3. “home opacity and foreign transparency” she does not reveal her information about the

home shock but reveals her information about the foreign one;

4. “full opacity”: she does not reveal any information.

The composite signal s* received by private agents about the country-specific shock 6* is defined

by:
-2k -2 k
o.;..5 +o 8%
ks R .
sh=-—2mld Sh ) - k=1,2;5=1,2.
O-svkvj + O-Svk7_j

The precision of composite public signal s* on 6* is equal to a;,i = a;]% ;T U;i _;- If both policy-
makers are transparent about 6%, we get 0;,3 =0, 2+ a, fe If both are opaque, we get a;,f = 0.
If there is home transparency (P is transparent) and foreign opacity (P_j is opaque) 6%, then

O’;E k=0, i If there is home opacity and foreign transparency about 6%, then 0;,3 =0, ?

3.2 The sequential game

The sequential game is slightly modified compared to Section 2.3. In Step 1, each policymaker
non-cooperatively decides what she will truthfully reveal from her information on the two country-
specific shocks, based on her expected loss function. The two policymakers make their announce-
ments simultaneously. Given that each policymaker has four decision possibilities as shown above,

there are sixteen possible outcomes at this stage of the game. The private agent’s optimization
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problem is based on two composite signals, instead of two country-specific signals, as in Section

2.4. The coefficients in the equilibrium strategy of private agents (15) are now given by

- (1—7)¢o,>
b= (1—T/2)U;2+U;2+0;32 (22)
O = ptrfa(l—26) - — L0 (23)
(L—r/2) 02+ 0,2+ 0,2
@ =(1-¢)+7/2(26 1) (24)

Coefficients (22-24) are derived from (17-19) assuming n; = 1/2. Contrary to (19), the coefficient
associated with the foreign public information is not country-specific anymore (d' = d*). Notice
that the coefficients associated with the private signal & and the home public signal ¢/ depend on
the precision of the composite public signal os_j. As each public composite signal consists of two
signals sent by the policymakers, this gives rise to informational cross-border spillovers.

When n = 1/2, the expected public loss (9) can be rewritten as follows:

ELp,==[1-r)E(@ —©)*+ (1 ="/2) 02 —/20._,] (25)

|

As we can see, the main pro-opacity public loss component studied in section 2.5 is absent in the
economy when n = 1/2. P; does not care about the inter-country gap in average actions if the
countries have equal sizes. The diversity in the private actions abroad now becomes a variable of
interest for any policymaker. By revealing or not her signal on the foreign country-specific shock,
she is now able to affect the third component in (25). As the expected public loss decreases in the
diversity in the private actions abroad and this diversity increases when the policymaker does not
reveal her foreign information, this constitutes a pro-opacity motive for any policymaker in the
setting with multiple public signals. Moreover, in the setting with multiple public signals a policy-
maker can also affect the first term in (25) by being transparent about the foreign country-specific
shock. The intensity of this effect depends on the parameter of the technological spillover, ¢.

The simplifying assumption of equal sizes allows us to study a broader range of technological
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spillovers, ¢, which we now allow to vary from 0 to 1.1 When ¢ < 1/2, the weight of the domestic
shock in the composite shock is small. Nevertheless, the strategic complementarity term increases
the joint coefficient in the private actions associated with the domestic information: & +¢/ > ¢. In
this case, revelation of the domestic public information may considerably increase the gap between
the average action and the relevant composite shock in country j. When ¢ is small enough this
may outweigh the positive effect of revelation on the second component in the expected public loss
(25) and make opacity about domestic country-specific shock preferable.

Similar to the case with domestic public signal, the expected public loss is separable in the preci-
sions of the signals about country-specific shocks. Therefore, the decision of any policymaker about
the revelation of her domestic public signal is independent from her revelation decision about her
foreign public signal. Nevertheless, as both policymakers have informations on each shock, their
disclosure decisions about a particular ¢/ become interdependent. This creates a strategic element
in the information revelation game played by the policymakers and there is no more a dominant

strategy feature.

3.3 The subgame perfect Nash equilibrium

A strategy for policymaker P; is now a pair of precisions of sent signals: P; = ((05_]2]) , (0;3j7j))

and the Subgame Perfect Nash Equilibrium (SPNE) is defined as follows:

Definition 3. The SPNE is the pair of strategies (P, Py), P} = ((a’2 )* , (O’iz~ )*), such that

5,750 $,=7J

1. (0_2 )* = arg min ELp] ( + (a_zfj)* o2+ U;Eﬁ- 09_2,0;2)

37]7] 7]7] 87]7 57 ]7] J7
T3, 36{0 o
2 \* (-2 2 2 -2 9 9
2. (0y%;) =arg  min  ELp; (07, +05 0.7+ (0.2, )", 0,7 0.7)
s, JJE{O ay f
for j=1,2and ELp; (o s” +o.5 0, M +o.7 09 ,0,2) being the expected public loss (25)

after the substitution of strategies (15) and coefficients (22-24).

0Ty Section 2 we made an assumption that ¢ > 1/2. As we have shown above, in this case the sum of two first
components in the expected public loss (25) decreases when the policymaker chooses to publish her information on
her domestic shock. We made this assumption solely for expository reasons. When ¢ < 1/2, the regioning becomes
much more complex.
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Given 4 possible decisions of each policymakers, there are 16 types of possible equilibrium config-

urations in pure strategies, 4 of which are symmetric. We define a symmetric SPNE as follows:

Definition 4. A symmetric SPNE is such that P = P;.

The “tie-break” assumption 1 is modified and now reads:

Assumption 2. If ELp; ( Skj —i—O’sk_j, S_k] +as “r, J,092,0—2) =

ELPJ‘ (0'_2

— 72 . . k.
sk—j10s ,k] + o, 7,6 _j+ 0y 2 0 ), policymaker P; chooses to reveal y; about country k.

Assumption 2 states that if a policymaker P; is indifferent between revealing or not her information

about 6%, she chooses revealing.

We establish the existence of a unique and symmetric SPNE and characterize its properties in the

following:
Proposition 3. For any (052,a;i,a;;,0;2,r, gb), there exists a unique and symmetric SPNE.
For given (09_2,0;270;3@, 2 ) there exist ¢ and ¢ such that 0 < ¢ <2< ¢ <1 and

1. if ¢ < ¢, the equilibrium 1s "home opacity, foreign transparency”: P; = (O,a;?) for any
jef{L2}.

2. 1fp< ¢ < o, the equilibrium is "home transparency, foreign transparency": Pr= (a;i, o, ?)
for any j € {1,2}.

3. if ¢ < ¢, the equilibrium is "home transparency, foreign opacity”: P = (0;2,0) for any

Jje{1,2}.
Proof. See Appendix D. n

According to Proposition 3, for any technological parameter ¢, beauty contest parameter r and
precision of information, there is a unique and symmetric equilibrium in pure strategies. It is
worth noticing that we did not restrict our analysis to symmetric equilibria. This characteristic

comes from the symmetry of the countries.
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Three incentives facing any policymaker are captured in the public loss function (25) and help
understanding the properties of this equilibrium. The first incentive is to help the agents in her
home country to keep their actions close to the composite shock ©7/. The second incentive is
to lower the dispersion in private actions in the home country. Finally, the third incentive is to
increase the dispersion in private actions in the foreign country, measured by the term — /202,j in
equation (25). As we can see in Proposition 3, the policy choice depends on the value of parameter
0.

If ¢ is low, the weight of the domestic shock in the composite shock is lower than the weight of
the foreign shock. Nevertheless, the agents strongly react to their domestic information due to the
strategic complementarity argument and & + ¢/ > ¢. In order to prevent the domestic average
action to deviate too much from the relevant composite shock, policymaker P; chooses to hide the
information about her home shock ¢/ and reveal her information about the foreign shock. This
helps to decrease the expected squared error in the domestic average action relative to the relevant
composite shock which, in this case, is predominantly defined by the foreign country-specific shock.
Due to symmetry, P_; makes the same decision. These decisions do not considerably affect the
diversity in private actions in both countries, as the private agents have alternative public signals

which can be used to coordinate.

For high values of ¢, agents in country j are attentive almost solely to the information about their
home shock 67, as their payoffs predominantly depend on the distance between their actions and
the true value of #7. The higher is ¢, the closer is the economy to technological autarky where the
home fundamentals are defined only by the home shocks. As the closeness of the agents to their
home country shocks is crucial in the case of a high value of ¢, P; chooses home transparency and
reveals her information about the home country shock. This also helps the agents to coordinate
and lowers the dispersion in private actions. In order to prevent the coordination of the agents in
the other country, P; chooses foreign opacity and hides her information about the foreign country

shock 677,
For the intermediate set of ¢, both country shocks ¢/ and 677 are relevant for private actions
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and payoffs. Policymakers do not want to hide any information, as they do in the previous two
cases. Imagine that, similar to the case with low ¢, P; decides to hide her information about the
home shock 67. This does not allow the agents in the home country j to keep their actions close
to ©7. Moreover, as the agents in country j now pay much attention to the information about
their home shock, the lack of information about this variable prevents them from coordination and
increases the dispersion in their actions. Opacity generates too many negative consequences and a
policymaker chooses both home and foreign transparency. Hence, for any value of ¢, at least one
signal is emitted by a policymaker. Thus the equilibrium of the game is never characterized by the
full opacity. But partial opacity (home opacity or foreign opacity) may be an equilibrium outcome.
As in the previous section, this result is obtained despite the fact that the home or foreign public
informations are of a better quality (a higher precision) than private informations. The impact
of the three cross-border spillovers, including the informational one, at play in this game, may be
negative enough to overcome this informational advantage.

Despite the fact that the loss functions are highly non-monotone in their arguments, we can

uncover some properties of functions ¢ (0,2, O';i, ay’fc, o,2,r) and ¢ (0,7, a;i, U;?, o, 2,1). We are
particularly interested in the impact of the beauty-contest parameter r on the obtained equilibrium.
The following proposition characterizes its effects without imposing further restrictions on the

model:

Proposition 4. For given (09*2,0;,21,0;?,0;2) and r < 1, thresholds ¢ and ¢ depend on 1 and

are such that:

1. de (1/2;1/2+11—ﬁ) and ¢ € (0;1/2 — L)

2. Ifr =0, then $ =0 and ¢ = 1. If r tends to 1, then ¢ tends to 3/4 and ¢ tends to 1/4.

: 14r/2 . : : :
3. The subset of parameters with ¢ > J1= is always characterized by foreign opacity and
home transparency in equilibrium. The subset of parameters with 1/2 > ¢ > 62__27; 18 always

characterized by home transparency and foreign transparency in equilibrium.
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Proof. See Appendix E. ]

According to Proposition 4, the two thresholds defined in Proposition 3, ¢ and ¢, are functions of
r. These functions, ¢(r) and ¢(r), define the boundaries in the relevant (¢, r) space separating the
three regions corresponding to the SPNEs presented in Proposition 3. Region 1 is characterized
by home transparency and foreign opacity. For a given r, when ¢ is high, the impact of the
technological spillover is sufficiently large so that policymakers prefer not to counter the other
player’s action by revealing her information on the foreign shock and trigger a beauty contest
which would diminish the informational impact of the home signal on the technological shock.
Therefore both policymakers choose home transparency and foreign opacity. Its upper limit is
obviously for ¢ = 1. Its lower boundary cannot be explicitly characterized. Proposition 4 states
that ¢ and ¢ depend on r. However, these functions are so complex that it is impossible to precisely
obtain them in a workable form. These functions are continuous and may not be monotone. Using
Propositions 3 and 4, we know that ¢(r) is above 1/2 and tends to 3/4 when r tends to 1 and ¢(0)

is equal to 1.

Region 2, characterized by full transparency, is below the lower boundary of region 1. Its own lower
boundary is obtained from the function ¢(r). ¢(0) is equal to 1/3 and ¢(r) tends to 1/4 when r
tends to 1. This region is intermediate: for a given ¢, the value of the r parameter is not so large
and the home policymaker does not fear too negative impacts of the beauty contest generated by
revealing her information on the foreign shock. Therefore, she chooses foreign transparency. On
the other hand, for a given r, the value of the technological parameter is sufficiently large to make

a public information on the home shock relevant: she also chooses home transparency.

Finally Region 3, below Region 2, is characterized by home opacity and foreign transparency. The
analysis is just the reverse of the analysis of Region 1. The beauty contest parameter is sufficiently
large, compared to the technological parameter, to legitimate for a policymaker the countering of
the action of her counterpart and revealing her foreign information. In contrast, a policymaker

does not want to contribute to the beauty contest by revealing her information on the home shock
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because the allocative effects of this revelation are outweighed by the adverse consequence of a

rather strong beauty contest. Figure 4 illustrates this regioning of the (¢, r) space.!!

1
Region 1
¢
3/4
o Region 2 1/2
_________ 1/4
------------------------- o
JUPTL o Region 3
0' r

Figure 4: The SPNE countries in the (¢, ) space

3.4 Welfare

Turning to the welfare analysis of the case with multiple signals, we consider the problem of a
social planner who minimizes the average loss of private agents in the whole economy. This social
planner decides on which signal to reveal. The social planner has 4 possibilities for the revelation
of the signals about country j, for 7 = 1,2. It may choose full transparency and publish both
signals about 67: this revelation policy is equivalent to publishing one composite signal on 67 with

precision (ay_ }21 +o, fc) If the social planner chooses home transparency, it publishes only the home

""The boundaries of the intermediate region do not correspond to a precise calibration of the ¢(r) and ¢(r)
functions but are consistent with the extreme values when r is equal to 0 or 1. They are drawn as monotone for
ease of reading.
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signal: precision of this signal is equal to o h . If the social planner chooses foreign transparency,
it publishes only the foreign signal about 67: precision of this signal is equal to o, ; Finally,
the social planner may choose full opacity and hide both signals about 67. This is equivalent to
emitting a signal with zero precision. As we already saw, the losses of private agents in each
country are separable in precisions of information about the two country shocks. Consequently,
the sum of losses of all agents in the economy is also separable in two components; the first one
is related to the signals about ¢/ and the other on the signals about #=7. Thus, the decision of
the social planner on the revelation of signals about one country is independent from her decision

about the signals on the other region.

Formally, the problem of the social planner is defined as follows:

Definition 5. The social optimum is the vector (&;12 , 5;22) such that

52 = arg min ELg ( 2072 op 2,0_2) ,g=1,2

8,3 - 5 Os,19s,—j> x
6{0 yfayh’o f+0yh

where ELg (0,7,0,2.,0,%,0,2) is the expected social loss (20), given (15) and (22-24).

5]’ $,=77

The problem of a social planner is equivalent to the one studied in subsection 3.4. The main
difference is that now the social planner chooses among 4 options instead of two for the optimal

precision of the signal about #7. We then offer the following

Proposition 5. The characteristics of the social optimum are such that

1. Partial transparency s never socially optimal.

2. Full opacity is socially optimal if the following set of conditions is fulfilled:
(a) r <T,
(b) ¢ > 9,
(¢) ¥ <4,
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where the threshold values 7, ¢ are positive and finite numbers and 1 > 0 .

3. Otherwise, full transparency is socially optimal.
Proof. See Appendix F. ]

Point 1 of Proposition 5 directly comes from the symmetry between countries and the equal weight
given to each of them: as the social planner’s emitted signal is common to both countries, any
partial information solution is irrelevant. Eliminating the possibility of a partial disclosure of
information, the social planner has to choose between full transparency versus full opacity. This
alternative in a multi-country economy is reminiscent of the alternative studied by Morris and Shin
in the case of a closed economy. Therefore, for a given vector of shock variances, the choice by the
world social planner depends in a complex yet understandable way on the technological parameter
and the beauty-contest one, as both parameters determine the magnitude of the structural cross-
border spillovers which are taken into account by the social planner but are neglected by non-
cooperating policymakers. Points 2 and 3 of Proposition 5 echo Proposition 2. Once the partial
revelation situation is eliminated (Point 1 of Proposition 5), the factors which are important for
the social optimum in the setting with domestic public signals dominate the choice of the socially
optimal revelation in the setting with multiple signals. A sufficiently high value of the technological
parameter ¢ (¢ > ¢) means that the home (foreign) shock has a high impact on home (foreign)
actions and the international beauty contest causes a large gap between the coefficient associated
with the foreign public information and the weight of the foreign shock in the composite shock
(d=7 — (1 —X_;)). In this case, as opacity can considerably decrease the “foreign” component in the
social loss function, which outweighs the negative effect of opacity on the variety in private action,
the social planner is inclined to choose full opacity. However, if the beauty-contest parameter
r is sufficiently high (r > 7), the beauty contest argument is predominant in private agents’s
payoff functions, henceforth the social planner chooses transparency because it provides better
information to private agents and help them to coordinate. Opacity cannot create a sufficient

effect on the average actions and is not socially optimal. To see this, consider the case of r = 1.
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For any ¢, private agents do not use their private information (5’ = 0) and they only react to the
public signals with equal weights: ¢/ = @’ = 1/2. As a result, the private actions are perfectly
coordinated and opacity cannot affect them. To the contrary, for reasonably low values of r (r < 7),
the positive effect of opacity on the expected squared errors more than compensates for its negative
effect on diversity, justifying the social optimality of opacity.

The last parameter coming into play when considering the socially optimal information decision
is the relative precision of common prior ¢/, which depends on the variances of shocks and private
signals. For a given value of 0%, a high value of 0, (implying a low volatility of the home shock
and corresponding to ¢ > zz) implies that the mean values of the shocks are reliable focal points
for coordination both inside and between countries. In this case, opacity does not have a sufficient
effect on the average actions which move away from the relevant composite shocks due to the
beauty contest motive. On the other hand, its effect on the diversity of actions is large and full
opacity is socially optimal. For a given o, 2 if 072 is large, the private signal received by private
agents is very informative and they benefit from a good capacity to forecast this shock. When ¢
is high (¢ > g%), the deviations of private actions from the relevant composite shocks become a
predominant argument in the social loss function. In this case, the social planner does not have
much incentive to give public information and full opacity is socially optimal. However, for a given
oy ?. when o2 is sufficiently low (implying ¢ > 1;), the private signal received by private agents is
not very informative. Public information increases somewhat the complexity of the beauty contest
argument but the adverse consequences of this are low when r is low. Thus, the social planner is
induced to provide as much information to private agents as possible and chooses transparency.
On the whole, these effects combine in explaining why these three conditions together are sufficient
to make full opacity the socially optimal solution. They are also jointly necessary: if one of them

fails, full transparency is socially optimal.

We pursue the comparison of the SPNE with the social optimum in our model in the next subsec-

tion.
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3.5 Assessing the welfare properties of the SPNE.

The characteristics of thresholds ¢, ¢ and ¢ allow us to compare the welfare levels associated with

the equilibrium and with the social optimum. We offer the following

Proposition 6. The SPNE is socially optimal if and only if ¢ € [Q, 5}

Proof. See Appendix G. m

We can show that &(r) > 5(0;2,0;2,0;%0;2,1”) for any (052

, a;i, 0;?, 0,2,7), meaning that
¢ is higher than the threshold ¢ which separates the full transparency interval and the foreign
opacity interval (see Proposition 3). Since the full transparency is socially desirable for all ¢ < )
and the SPNE is characterized by full transparency for ¢ € [Q, 5}, we can conclude that for all
¢ in @,ﬂ the equilibrium coincides with the social optimum. As we have seen in the previous
subsection (Proposition 5), partial transparency is never socially optimal. If the technological
spillovers are strong and ¢ < ¢, the “home opacity and foreign transparency” equilibrium obtains.
If technological spillovers are weak and ¢ > ¢, the “home transparency and foreign opacity”

equilibrium obtains. Consequently, the SPNE is optimal neither for ¢ < ¢ nor for ¢ > ¢. This

explains Proposition 6.

To put it differently, Proposition 6 states that if the SPNE corresponds to full transparency, it
is socially optimal. If the SPNE corresponds to partial transparency (either home transparency
and foreign opacity or home opacity and foreign transparency), it is never socially optimal. Thus,
for extreme values of ¢, the SPNE does not produce the efficient informational structure. For
small values of ¢ and strong technological spillovers, there is too little information in comparison
with the social optimum. As a result, the policymakers are home opaque while society (i.e. the
social planner) would prefer them to be transparent. For high values of ¢ and weak technological
spillovers there may be either too little or too much information in the SPNE. For example,
if ¢ € [5, gg], country policymakers are foreign opaque while society would prefer them to be

transparent. Thus, the SPNE conveys too little information. To the contrary, if ¢ > ¢ and the
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country-specific shocks are sufficiently volatile (75°/o32 < 1)), society would prefer full opacity,
while the SPNE implies home transparency. Obviously, the SPNE conveys too much information.
In other words, Corollary 1 also applies to the case of multiple public informations received by

policymakers on multiple shocks in an international economy.

The possible non-optimality of the SPNE gives rise to a question: is it possible to replicate the
socially optimal result in such an economy? The following proposition shows that both country

policymakers are better-off if they choose the socially optimal policy:

Proposition 7. For given (09_2,03;2,0;?,0;2,7“) and ¢ ¢ @,ﬂ, the soctal optimum Pareto-

dominates the SPNE.

Proof. See Appendix H. n

When there is partial transparency, both policymakers would be better-off if the optimal infor-
mation policy was enforced upon them. In other words, a commitment technology imposing full
opacity when the social value of public information is negative and full transparency when the
social value of public information is positive would increase social welfare in each country. Thus
suppressing “communication wars” can be beneficial for anyone and direct negotiations would im-

pose a better equilibrium than the SPNE.

4 Conclusion.

The seminal paper of Morris and Shin (2002) shows that the social value of public information may
be negative. Despite the extensive debates about this result found in the literature, the role and
value of public information has never been addressed in the international environment. The goal
of our paper is to study this issue. The other broad issue which we address is the understanding
of the process of informational policy-making in such an environment. Moving from autarky to an

international environment (or more broadly, to a multi-jurisdictional environment) considerably
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complicates the matter. Not only multiple sources of information but also multiple policymakers
deciding on their communication policy must be taken into account. This creates a strategic
dimension which is absent in the simple one-country model studied by Morris and Shin (2002) and
their successors. This strategic environment generates two issues. The first issue is the finding
of the equilibrium of the non-cooperative game played by policymakers caring about the social
welfare of their own countries. The second issue is the evaluation of this equilibrium (or possibly,
equilibria) with respect to a normative criterion such as the Pareto criterion or social welfare.

We address these issues by solving a communication non-cooperative game played between the
country policymakers who have to decide upon which information in their possession to reveal
to the public. The multi-country model displays three types of spillovers: a real or technological
spillover, a beauty-contest effect a la Morris and Shin and the informational spillover created
by the fact that the information revealed by policymakers is free and reaches the entire set of
private agents in the whole economy. Policymakers can neither modify the information they reveal
nor target a subset of agents benefiting from their information policy. The results reached in this
paper shed some light on the two questions mentioned above. There exists a unique linear subgame
perfect Nash equilibrium. Opacity (full or partial) may be an equilibrium outcome of the game
and may be socially optimal, for subspaces of the parameter space which are not negligible. In
other words, the non-cooperative nature of a game between multiple policymakers may lead to a
negative social value of at least some information detained by public authorities, vindicating the
Morris and Shin claim that the social value of public information may be negative. Interestingly,
this is obtained in a world where the quality of public information (its precision) is higher than the
quality of private information (its precision). A corollary is that the non-cooperative equilibrium
may convey too little or too much public information depending on the values of parameters.

In the case of a single information received by policymakers on their home shock, the equilibrium
is affected by the relative size of countries, for a given value of the beauty-contest parameter. The
large country does not behave like the small one. Therefore, its policymaker may not disclose her

information whereas the other one always chooses transparency. If the size of the small country
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is sufficient large, then both countries choose transparency. The higher is the beauty-contest
parameter, the higher the critical size of a country above which its policymaker may choose opacity.
A social planner for the world economy may also be partially transparent, disclosing the public
information about one country and hiding the information about the other one.

In the case of multiple informations received by policymakers, assuming equal country size, this
equilibrium always involves some revelation by the policymakers. In other words, full opacity
is never an equilibrium. Nevertheless, this does not imply that full opacity cannot be a superior
policy. Actually, we prove that for a subset of the parameter space, full opacity is Pareto-dominant
with respect to the partial transparency reached in the equilibrium. On the contrary, the full
transparency equilibrium which is obtained for intermediate values of the real spillover parameter
is the Pareto-dominant solution. The partial communication solutions may be the equilibrium
outcome but can never be optimal.

These results are obtained in an abstract model. Yet the methodology used here could be applied
to explicitly developed economic models.'? It could be applied to issues where information policy
plays a role in a multi-jurisdictional economy. For example, a two-country version of a Lucas-
Phelps island economy as done by Myatt and Wallace (2014) could be considered. Information
policies to be applied in international monetary games could also be tackled using our methodology
(Taylor, 2013). An other issue of interest is the study of public good games in a multi-jurisdictional
setting (Scotchmer, 2002). Similarly our methodology could be applied to speculative attacks on
currencies (Goldstein, Ozdenoren and Yuan, 2011), bank runs (Chakravarty et al., 2021) or on asset
markets (Ruiz-Buforn et al., 2021), obviously in more specific models. Combining communication
tools and policies with standard economic policy tools within different settings appears to be a

challenging task which is left to further research.

12 Angeletos and Lian (2016, Section 8) provide examples of applications of beauty-contests. The extension of
these applications to multi-country settings would meet the issues studied in the present paper.
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Appendix

A Expected public and social loss in a general model

A.1 Expected public loss

The expected regional loss is composed of four components, as shown in the main text:

1 , . A A
Lp = §n]~E [(1 —r) (@ —©7) >+ (1 —rnj) o2 —rn_joo—; +rn_; (1 — 2n;) (@ — 6_7)2}

J

The next four subsections (corresponding to the loss components) discuss the factors which affect

the expected public loss.

A.1.1 The expected squared error in the average action

The first component in the expected public loss represents the expected squared error in the average

action in country j:

Lp.;= %njE (1-r)(@—-0)? (26)

Using the average actions (16), we rewrite this component as a sum of two terms:
1 o o o 1 S ) )
Lppa =5n; (L=7) E (V0 + 2 = Vo) ? 4 g (L=7) E(d=77 = (1-N)67) 227

The first term in (27) is defined by the the available information about country j, as coefficients
v (17) and ¢ (18) depend on the precision of signals about #7. In what follows, we will refer
to the components of the loss function function of country j affected by information about 67 as
to its “home” components. The second term in (27) does not depend on the information about
country j, as coefficient &/ (19) does not depend on it. On the contrary, this term depends on

the information about the foreign country —j. In what follows, we will refer to the components

20



of the loss function of country j affected by information about =7 as to its “foreign” components.
Equation (27) shows that the first public loss component is separable in two sets of information.
The same is true for the other components of the public loss function. The first term in (27) can

be rewritten as follows:

Sns (1= ) B (W8 + 02— )2 = Cn (L) B ([0 4 & = N] 0+ [ - 0])7 (28)

Equation (28) highlights three factors influencing the home component in the expected squared
error in the average action. The first factor is the gap between the coefficient in the actions
associated with the home information and the weight of the home country-specific shock in ©;.

This gap is driven by the beauty contest and does not depend on the precisions of signals:
[V 4 ¢ — N =y [1— A — A]

As far as ¢ # 1/2 and (1 — r)n;(1 — n;) # 0, this gap leads to an increase in the regional loss
equal to 1/2n;n_jr(1 — 1) [l — A= — X]? 02,

The second home factor driving the expected squared error in the average action is the noisiness
of public information 2z7. As far as ¢/ # 0, the imprecision of this information increases the

expected public loss by 1/2n;(1 — r) [¢7])’ o2

If the policymaker increases the precision of her
signal, ¢/ increases while aij decreases. The joint effect of the precision of the home public signal
on the expected public loss is ambiguous. The third home factor defining the home public loss
component is the correlation between the noise in the public information 2/ and the country-
specific shock. This factor contributes to an increase in the expected public loss equal to —n;(1 —
r) [V 4+ =N (1 —wj)og = —ni(1 —r) [ + ¢/ — V] o? ;. This term depends ambiguously on

the precision of the public signal, as in this case ¢/ and 037 ; change in opposite directions. Summing

o1



up all three factors, we get

1 o . 1 201 = N — NP
L (=) B (009 + I — )2 =Ly 1y )L ] (29)
1 2 N I e N ¥ .
N Yt A Arn
2 o2

The second term in (27) represents the foreign component defined as:

Eny (1= 1) B (2 = (1= M) 079) = 2oy (1 =) E (& (279 —079) + (& — (1- V7)) 079)’

(30)
Similar to the discussion above, three foreign factors affect the expected squared error in the
average action. The first factor is the difference between the coefficient associated with the foreign
information and the weight of the foreign country-specific shock in ©_;: (&7 — (1 — N)). This

difference is driven by the beauty contest and does not depend on the precision of any signal:
(@ = (1= ) =y [y = (1= )]

As far as ¢ # 1/2 and r(1 — r)n;(1 — n;) # 0, it leads to an increase in the expected regional
loss equal to (1/2n;n_jr(1—r)[1 — A7 — A% 62). This term does not depend on the precision of
the signals. The second factor behind this component of the public loss function is the noisiness
of public information z_;. As far as & # 0, it increases the expected public loss by 1/2n;(1 —
r)(d7)?0? ;. Coefficient d’ does not depend on the precision of the public information about 6~
and its increase unambiguously leads to a decrease in this loss component. The third foreign
factor behind the error in the average action is the correlation between the noise in foreign public
information 27 and the foreign country-specific shock. This correlation gives a rise to the expected
public loss equal to—n;(1—7) [ — (1 = )] & (1-w;)o5 = —n;(1—7) [d — (1 = N)]d/o? _;. Using

all three factors, the foreign part in the first component of the public loss function can be rewritten

02



as

s (=) E (@2 = (1= ) 679)" =g, (=) (2 B O 1)
+ %nj 1-na® =2 ;(21‘— N)|rn

A.1.2 The diversity of domestic private actions

The second component in the public loss function (9) is defined by the diversity of domestic private

actions:

| 1 (b7)*
Lp;a; = 5" (1—rn;) o, = oM (1 —=rny) o2

Taking into account (17), we get

. 2
1 1—r)N
LPj;aj = 577/] (1 - TTL]) ( ( r> ) 0';2 (33)

(1—rny) o2 +0,2+0,°2

An increase in asf unambiguously leads to a decrease in this public loss component.

A.1.3 The diversity of foreign private actions

The third component in the loss function is defined by the variance of private actions in the foreign
region:

(34)

_— . . 2 P —
Lpa; = 2rn]n,30a_J =

Taking into account (17), we get

. 2
1 1—r)A™
Lpa ;= _§rnjn*j ( ( r) ) ‘7;2 (35)

(1—rn_;)o;2+ 09_2 + a;zj

The loss of country j depends negatively on the variance of the foreign private actions and therefore

positively on the precision of foreign public information.
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A.1.4 Inter-country gap in average actions

The last component in the public loss function (9) characterizes the inter-country gap in average
actions:

1 . .
LPj;ZLj*a_j = 5’["7’1/]”_] (1 — 271]) E (a] - a_])Q (36>

Using the average actions (16), we rewrite this component:
I _1 E([be7 & s — gisi e P R S A
Ppai—a—i = §rnjn,j (1—2n;) ([ + 2 —d 7z } — [d 27—z —b D (37)

The term [0767 + 727 — d727] is defined solely by shock 6/ and information about it. The term
(7277 — ¢ 279 — b77077] is defined solely by shock 6§77 and information about it. As the country-
specific shocks are not correlated, we can simply rewrite the expected squared inter-country gap

in average actions as follows:
Lp;gi—a-i = AL (1—2n;) (E (VY + I — d’]zq2 +E [z -7z - b’]0’7]2> (38)

The first domestic term in (38) is defined as follows:

1 o o o
3TN (1—2n;) E [V + 27 — d’J,z]}2 =

UL (1=2n)E[()/ +J —d7) 0 + (I —d77) (¢ — 0]-)]2 (39)
Similar to subsection A.1.1, there are three domestic factors driving the inter-country gap. The
first factor refers to the different weight of the information about country j in the average ac-
tions in two countries: (b’ +¢/ —d 7). It effect on the expected public loss is then equal to
%Tnjn_j (1—2n;) (¥ +¢ — d*j)2 o3. This term does not depend on the signal sent by the policy-

maker, as

(40 =) = (1) (V= (1= 27)).
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The second factor refers to the different impact of public information about country j on the
average actions in two countries. This leads to an increase in the expected public loss equal to
srngn_j (1 —2n;) (¢ — d=)? o? ;. This term is affected by the precision of the public signal about

¢’ not only through the direct effect on o2 ;, but also through the value (¢/ — d~7) which is defined

2,37

as follows:

(@ —d) = (1—r) (M — (1— A7) — 1.

The third domestic factor affecting the inter-country gap in average actions is the
correlation between the noise in public information and 6. Its effect on the ex-
pected public loss is equal to —rnmn_;j(1—2n)(V +¢ —d)(d —d9)(1—wj)of =
—rngn_; (1 —2n;) () + ¢ —d™7) (¢! —d™7)o?;. To see how the revelation of public information

impacts this term, we rewrite it to obtain the following:

rnjn,j

5 (1—2n;) E[V¢) + 27 — d_]Zj}Q = TN (1 —2n,)
T

(L= NV = (1= A = ()

=2

Z7j

—5rnn; (1 —2n,) -
With an increase in the precision of the public signal, coefficient & decreases. The effect on the
loss depends on the size of the region. For a large country (n; > 1/2), this leads to an increase in
the inter-country public loss component. For a small country (n; < 1/2), this leads to a decrease
in the inter-country public loss component.

In overall, the second term in (38), defined by the information about the foreign shock, can be

rewritten as follows:

n_; o o o 1 1— M2 (N — (1 - M)
—THJQn L(1=2n)E [z —c 727 —b_39_3]2 = —rn;n_; (1 —an)< r) (A — =X _
%9
(41)
1—r)?2 A7 — (1= X)) = (b))
SO B e ) i
Z,=J
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A.1.5 The expected public loss

Taking into account A.1.1-A.1.4, we can rewrite the public loss as

1 . .
E (ij) =3n (1—r) [pg (0;]2,09_2,0;2) + pj_] (J;Ej,af,af) + t.i.p} , (42)

where p;: (O';JZ, o, 2 o, 2) is the “home” loss component, which depends on the information about

shock 67, and p;j (0;3 0y 2 o7 2) is the “foreign” loss component which depends on the informa-
tion about shock §=7. The term t.i.p. is independent of the information policies chosen by the

policymakers in both countries:

1—A7—N
ti.p.=2r(l—n;) (1 —2n;+rny) | = ] (43)
0
The “home” loss component is:
O (0 e e L ) A ) P
J s,j2760 Yz 0;32 (1 _ 7“) O;Q
1—r)2 N = (1= A9 = ()
(1 — gy (LY (A - )
(]‘ - 7”) Oz,j

Using the equilibrium value for coefficient »/ (17) we get the home public loss component as a

function of O's_]?Z

pj (U’Z 0;2 072) = A ~)\? — (- rnj)2 O\j — (- Aij))2 + Ag ;i A? (45)
JATeT e e K 0;]2 + 0,2 ! (0;? + 057+ (1 —1rnj)o;?)
Ao 2
+A3, — 3
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where Al,j = % (T’nj +1-— 2nj), A2,j = ﬁ (1 + Tnj(l — 27%‘)), and A37j =

%T(:n r)) (rn; +1 — 2n;). The “foreign” public loss component is given by:

& =27 — (1= N)rn ;o (077

—2 _ _2
0.~ 1—7r o}

L=r)’PI =1 =M= )
(1—r) O'Z_ij

—rn_; (1 —2n;)

Using the equilibrium values for coefficients b7 (17) and d’ (19), we get the foreign loss component

as a function of 08_3]

A2 = (L =rny)® (0 = (1= Ay)” N (1=A)" = r*n2; (A = (1= Ay))”

—7 —2 -2 -2\ __ —J
IOj (Us —j» 09 »0g )_BLj

U;Ej—l—ae,_? U;3j+09_2
(47)
A2 A2 o2
+BQ, j — — 2 + -B37 j e )
o2+ 0,2+ (1—rn_j)o;?) ! (0.2, +05°+(1— rn_j)a;2)2
_ r(1-ny)(1-r)(1-2n;) _ (1=n)r(1-n;)(2n;—1) o ntir(A-n)(2-n)
Bl’j - (Jl rn_j)? : B (lfwzij)2 ’ ’ and Bs’] B (1 rn_j)
A.2 Expected social loss
Taking into account A.1.1-A.1.4, we rewrite the public loss (20) as follows:
1 _
E(LS) = 5 (1 _T> [pé'( 51270627012) +p% (032270027 Oy ) +tlp} (48)

where pfg( 55,092,% )—p]( SJ,O'GQ, o, )—1—,0 ( 55,092, o, )fOI“j—l 2, is the component

which depends on the precision of information about 7.

A2 (L—rny)? (N — (1= A y)?

J 2 -2 -2 J
, ,0,°) =A + (1 —n,
Ps (Usj Oy ) 1,8 0-5_,]2 +09_2 ( J) o, +09
+A A +A No.”
2,87 = - — 3,8
(asj + o0y 24 (1 - Tnj)ax 2) (0;]2 + 0672 T (1 _ rnj)a;Q 2



y TL2~T - 2
where A, g = nr?(1ng)? - 4 =ring. (14+r(1—2n;)), Ass = —(Jl(l—). Notice that A, s =

(1-rnj)? 2,5 = (1—rn;)* —rng)

n1Ami1+n2Bm2, m € {1,2,3}. The term t.i.p is independent of information disclosure and defined

as:

(50)

B Proof of Proposition 1

Let A; denote the difference between the domestic expected public loss component under trans-

parency and opacity about 67:
A; = pg» (0;2,052,0;2) — pj (0,052,0;2) (51)
We can rewrite this loss difference as

A =N+ A,

J

j 2
where Ail = Al’j [)\]2 — (]_ - T’nj)z ()\‘7 — (1 — )\_J)) j| [%i—jﬁf — #] and
Al — )2 Az + As oz B A j _ As oz >
3,2—3 I | (0540 > +(1=rny)o;?) (U;2+U;2+(1,mj)g;2)2 (02 +(1=rn;)os?) (U;2+(1,mj)g;2)2

Under assumption of o, > > 0.2, the value of Ai%g is finite and not positive. The sign of

A7 is ambiguous. For ¢ € [1/2,1], the value of (A2 — (1 — rn;)? (\; — (1 — A_;))?) is positive.

When n < Q%T, coefficient A ; is either positive or equal to zero. On overall, A;l < 0 and the

1

policymaker chooses transparency (here we use the tie-break assumption 1). If 1 > n; > 5=,

coefficient A, ; is negative and Ail > 0. With 0,? — 0, A§,1 is infinitely large and the overall loss
difference Ag is positive for any A;Q{,’. As a result, the policymaker chooses opacity. When n = 1,
Ay; =0 and A;l = 0, implying that the policymaker chooses transparency. Proposition 1 comes

immediately.
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C Proof of Proposition 2

Let qu denote the difference between the expected social loss under transparency and opacity

about country j:

Ny = p (0,7.05%,0.7) = ok (0,0,%,0,7) (52)

We can rewrite the social loss difference as
J _ AJ J
Ag = Agy + Agy s,

Where Aé,l = [ALS}\? + (1 — nj) (1 — )\,j)2 — (A175'<1 — TTLJ’)Q + (1 — le)TQH?) ()\J — (1 — )\*j))ﬂ +§ — -
and _

Al — )2 Az s + As 5057 .- Az s N Ass05° ,
5,2-3 T (o oy (=)o) (o2 40y 24+ (1—rmy)or?) (o +(1=rmy)ow®) (o2 +(1-rny)o?)"

. -9 —92 7 . . . . 7 .
Under assumption os o} > 0,°, term Ag, 5 is finite and negative. The sign of term Ag, is

ambiguous. If r > (1 — M) /n;, Afg’l is negative for any ¢. In this case transparency is so-
cially optimal. If r < (1 — /1 —n;)/n; there is ¢ such that A{m is negative if ¢ < ¢ and positive
if > ¢. In the latter case with oy 250, Aél is positive and infinitely large, meaning that the
overall loss difference Aé is for any A{?Q—i’r In this case, the social planner chooses opacity. When
n=1,A¢=0and A{q,l = 0, implying that transparency is socially optimal. Proposition 2 comes

immediately.

D Proof of Proposition 3

In case of n; = 1/2, the home public loss component (45) is given by:

, 2 (1—r/2)2(2¢ — 1) ¢*
j _2 -9 _9 :A ¢ ( +A . 53
P; (Us,]aaa Oy ) L U;]g +052 2,j (U;Jz+ge—2 + (1 _T/Q)J;Q) (53)

2 _—2

A, ¢ o,

(Us_j + 09_2 +(1-— r/2)a;2)2’
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_r
(277')2 )

A27j — 4(1—7’)7 and A3J _ 7'2(1_7')

where ALJ‘ = (277")2 202—r)

The foreign public loss component (47) becomes:

 pory (L= 0) /Ao 1) r( =1ty (54)

—j _9
0 (05,7'709 O, — — - - ;
J J ‘73733"“002 2(%,33'4’092"'(1 —7"/2)0;2)2

The proof of Proposition 3 consists of three steps:

e Step 1. We investigate the choice between home transparency and home opacity and show
that there exists some ¢* such that: if ¢ < ¢*, policymaker P; chooses home opacity; if

¢ > ¢*, she chooses home transparency.

e Step 2. We investigate the choice between foreign transparency and foreign opacity and show
that there exists some ¢ such that: if ¢ > ¢**, policymaker P; chooses foreign opacity; if

¢ < ¢**, she chooses foreign transparency.

e Step 3. We compare the values ¢* and ¢** and conclude about the existence, unicity and

properties of equilibrium

Step 1. Choice between home transparency and home opacity

P; chooses either home opacity (0,7, = 0) or home transparency (0,7, = o, 7). Let A? denote

the difference between the expected public loss under home transparency and home opacity:

N = pl(ogn 4000 5,05 0.7) = pl (0755057, 0.7) (55)

,

The derivative of (53) over asf is given by:

op; _ (49 —(2-1)(20-1)°) 4¢” (1 —r)
308_; 4(2—7”)2 [U;?+052]2 (2—7")2 [(1—7‘2)(7;2—1-0;?—1-0;2]2

¢*r*(1—r)o;”

- 3 (56)
(2—71) [(1_T2)U;2+U;32+052]
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Notice that if ¢ € [GQ:QTT, 1}, the value (4¢2 —(2=7)*(2¢ — 1)2) is positive. In this case, all terms

in (56) are negative. This means that the expected public loss is decreasing in home precision

implying that A? < 0 and P; chooses home transparency.

To decide on the sign of AZ for ¢ < 2=, we rewrite (55) in the following way:
J 6—2r

—2 -2 ;
2y j(.—2 —2 2
A 54,370 Op; (Us,ja% ,0,%) o2 5
i, 92 Os,j (57)
o’s,j,fj S,j

The derivative of (57) over ¢ is:

) 672 4572 ' -2 —2 -
0A; / w003 (045,05, 05%) | (58)
oo ), - Do ;0¢ "

$,3,—J

From (56) we get:

Py r20(1-r)B-r)-(2-7)7) 86 (1 — 1)
do, 300 2—1)[0.2+ 0,2 2—1)?[(1=rR) o2+ 0.2+ 0,7
B 20r% (1 — 1) 0,2 (50)

(2—1) [(1 —r/2) 0;2+0;J2 +09_2}3

The value (2¢(1—7)(3—1)— (2 — 7")2) is negative if ¢ € (0, 2%). Thus, all terms in (59) are

7 6—2r

: . ans . . . P o
negative. This means that 54 1s negative and the loss difference A; is decreasing in ¢. We

: J _ 2—r : jo_ r J _
have shown earlier that A7 < 0 for ¢ = . If ¢ is equal to 0, p; = ) and A} =
_ r? r? : -2 : * -2

(0750, 2102 ) + (o 7o) > 0. Thus, for a given o7, there exists a value ¢ (O'SJ’_]») €

(0, 62__2’;) such that: A; is positive if ¢ < ¢* (US_,J%*J'); Aj: is equal to 0, if ¢ = ¢* (0-5_,]2,—3'); Aj:

—e

s
negative, if ¢ > ¢* (JS_J2 _j). Taking into account the tie-break assumption, we conclude that if
P < P (0_2 ), P, chooses home opacity; if ¢ > ¢* (0_2 ), she chooses home transparency.

syjy_j S,j,—j

Step 2. Choice between foreign transparency and foreign opacity

2

- - : 2 2 _j
smij = 0) or foreign transparency (o ). Let A

P; chooses either foreign opacity (o oji = Oy ¥

denote the difference between the foreign component in the expected public loss under foreign
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transparency and foreign opacity:

AT =pi (0,5 + 002 057 0.7) =0y (0020057, 047) (60)

The derivative of (54) over as_ij is as follows:

‘fj . 2 L2 o 2 2 . _9
8Pz2 _ [(1 ¢)2 /4 (12 i 20) ] s ¢” (1 T)UQx — (61)
o=, (gs’_j + 0, ) ((1 —r/2) o %+ R P )

Notice that if ¢ € [1;;{2, 1], the value [(1—¢)” —*/1(1 — 2¢)?] is negative. In this case, all
J

terms in (61) are positive. This means that the loss p;” is increasing in precision as_ij (implying

Aj_j > 0) and P; chooses foreign opacity. To decide on the sign of Aj_j for ¢ € (0, 11+ lﬁ 2), we

rewrite the loss difference:

—2 —2 —q
75,5~ tour Op? (0_2. 0,2 0‘2)
A = e S Sl 62
’ /";2—1,—1' aa;zj 7e ( )
The derivative of (62) over ¢:
oA 0. 25ty 92p0 (072, 0,2, 02
— = i ( A A ) do. 2. (63)
0¢ o2 305 ﬂ-aqb "
S$,—71,—J ’
From (61) we get:
P’ (0,205 0") _ [2o-D(A-r)—1] 20 (1=r)o,” (64)
— = — r
8asﬁj~8¢ (as_ﬁj + 09_2)2 ((1 —r/2) o2+ U;Ej + 09_2)3

The coefficient [(2¢ — 1) (1 — r?) — 1] depends positively on ¢. If ¢ = 1, this coefficient equals to

[1—7?—1] = —r? < 0. From here we can conclude that [(2¢ — 1) (1 — r?) — 1] is negative for all
8p;j

—2
0,5

values of ¢. Thus, both terms in (64) are positive and value is increasing in ¢. We have shown

1+4r/2
1+r

earlier that Aj_j is positive if ¢ € [ 1]. For ¢ equal to 1/2, Aj_j is negative. Consequently, for

a given a;%-’_j there exists a value ¢** (O’;zm_j) such that: A;j is positive if ¢ > ¢** (Ugij,—j);
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Aj_j is equal to 0 if ¢ = ¢** ( 8_2]7 ) Ay 7 is negative if ¢ < ¢** ( S_Qjﬁj). Taking into account
—2

i, ]) P; chooses foreign transparency;

the tie-break assumption, we conclude that if ¢ < ¢** (

if ¢ > ¢ (0,2 % ]) she chooses foreign opacity. If r < 1, ¢** (0, ” ) (1/2 1+T/2>. Ifr =1,

S —J,— ’ 14r
*k —2 ) _
¢ (00255) = 1.

Step 3. Equilibrium

_ -2 — 2— * —
As we have shown, for any (012,09 ,ayf, ) gb*( i j) < < g and o* ( o, J J) > 1o,
Thus <z§*( ;j ]) 12 < ¢**( ; i j) This ensures the existence of equilibrium. The “tie-
break” assumption ensures the uniqueness of equilibrium. Proposition 3 comes immediately with

¢ = ¢ ( 2) and ¢ = ¢** (a; 2) The symmetry of the equilibrium comes from the underlying

symmetry of the countries.

E Proof of Proposition 4.

Proof of Part 1. In Appendix D, it is shown that ¢ = ¢* ( o, ”), when U;EM = ay_fc. As for
any O'S “;;» threshold ¢* € (07 62—;); it is also true for U;3j7j = O';f. Moreover, 62:27;* =1/ — GEQT

and ¢ € (0,1/2 — 3

12r)'

In Appendix D, it is also shown that ¢ = ¢** ( S_ ; ]) for o, 2] = ayh As for any o, 2] _j and
if r < 1, threshold ¢** € (%, 11117/"2); it is also true for o, 2]7] = ayf Moreover, 1;1"7/42 =2 —|— llﬁ
and 6 € (3.3+15):
Proof of Part 2. Using Equation (53), when r = 0, we get:
: ¢2
pi(r="0)= D (65)

0,240, +0,

Function (65) is decreasing in o for any positive ¢. For ¢ = 0, the home public loss component

is constant and equal to 0. Thus, for any ¢, P; chooses home transparency and threshold ¢ is
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equal to 0. Using Equation (54), when r = 0, we get:

(1—¢)°

—2 —2
Js,—j + 09

p;” (r=0)= (66)
Function (66) is decreasing in o;ﬁj for any ¢ # 1. For ¢ = 1, the foreign loss component is
constant and equal to 0. Thus, for any ¢, P; chooses foreign transparency and threshold ¢ is equal

to 1.

To prove the second part of this proposition, notice that, for r close (but not equal to) 1, the two last

2 o4 1\2
terms in (56) are negligible and the first term is equal to — (jF _2(i¢ _233 = —4[ _42_1_2]2. Thus, for
95, 7% 95,5 7%

¢ € [0;1/4) and r close to 1, the loss function is increasing in the precision of public information and
P; chooses home opacity. If ¢ > 1/4, the loss function is either constant or decreasing in the precision
of public information and P; chooses home transparency. Hence, we can conclude that with r close

to 1, ¢ tends to /4. Similarly, we observe that for r close (but not equal to) 1, the last term in (61) is

.. . C[p0-¢—(1-2¢)°]  [4-8p+as’—14+49—4¢%]  [;3_4g)
negligible and the first term is equal to 4(05_,3#%_2)2 = 4(03_’2_#%_2)2 = 4(0;2_j+09_2)2.

Thus, for ¢ > 3/4 and r close to 1, the foreign loss component is increasing in the precision of public

information and P; chooses foreign opacity. If ¢ < 3/4, the foreign loss component is decreasing in
the precision of public information and P; chooses foreign transparency. Hence, if 7 is close to 1,
¢ is close to 3/4. If » = 1, the loss is equal to zero and P; chooses transparency for all values of ¢

meaning that ¢ = 0 and ¢ =0.

Proof of Part 3. As we have shown earlier, ¢ € (0,1/2 — #) and ¢ € <%, % + ll—ﬁ) if r < 1.
If¢p > % + IIT/QT, we can see that ¢ > ¢ and P; chooses home transparency. Moreover in this case

1

¢ > ¢ and P; chooses foreign opacity. If ¢ € (1/2 — 5

1/2), we can see that ¢ > ¢ and P; chooses

home transparency. Moreover, in this case ¢ < ¢ and P, chooses foreign transparency.
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F Proof of Proposition 5.

Substituting n; = 1/2 into the home component of the expected social loss (50) provides:

O —(L—r/2220-1)" 1(1—¢)° —r’/4(20—1)°

i (—2 2 2
o,5,0,°,0,°)=A + = 67
ng( 3070 ) 1,3 U;]Z+O;2 2 U;?+0’;2 (67)
¢2 ¢20.72
+Ag 57— — + As g = ;
(0.2 +0,7+(1—r/2)0;?) (02 + 052+ (1 r/2)072)"

Ay s = ‘2(1_;;22, Az g = —rien)?

2
where Ay 5 = ; Gpm)

7 428 =

The proof of Proposition 5 consists of two steps:

e Step 1. We show that the social loss function is either decreasing in the precision of public
information or has an inverted-U shape. In this case the social planner always chooses among
two options available to her: either opacity or full revelation of the signals on 7. Part 1 of
Proposition 5 follows immediately. Moreover, we show that the social loss function has an

inverted-U shape only if conditions 2.a) and 2.b) from Proposition 5 hold.

e Step 2. This part of the proof is equivalent to the proof of Proposition 2. We show that if
all conditions 2.a)-c) from Proposition 5 hold, the social loss under opacity is lower than the
loss under transparency and thus, full opacity is socially optimal. Otherwise, transparency

is socially optimal.

Step 1. We take the derivative of the social loss (67) over as_jz

Ok (¢ =22 21 (1-20 +4(2 1)’ (1-9)") 467 (1 1) +
do, 8(2—1) (052 +0,2) 22— ((1=r2)o;2+ 0,2 +0.3)
2(1— r)2 ngra;Q

+ ,
22—r) (1 =7) 052 + 0,7 +072)°
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from where

opk _ _((2=1)=20(1-)(2=1)2=1*) =2 (1-1) 2+ — 1)

o 2

do; 42-1)" (0% +0.7)
- 2 (0, +20$;) +2=r)(1—=r+1? 052
(2—r) ((1 —r/2) o %+ 00_2 + O'S_j)

(68)

Firstly, we show that there exists 7 = 2 — V2 such that if r > 7, the social loss function is
decreasing in the precision of public information. To get this result, we should analyze the sign
of the right-hand side of equation (68). The second term of this expression is negative, the first
term can be negative or positive depending on the parameters. The term ((2 —r) —2¢ (1 —r)) is
always positive. The term ((2 —7) (2 —r?) —2¢ (1 — r) (2 + 2r — r?)) is positive for all values of

i
o, if r > 7 =2 —+/2. Thus, r > 7 is sufficient for ;UP_SQ to be negative.'> Under this condition, the
s.J

social loss is a decreasing function of the precision of public information.

~ —r)(2—r? . .
Secondly, we show that if » < 7, there exists ¢ = % such that the social loss function

has an inverted U-shape, if ¢ > ¢, and is decreasing in the precision of public information, if
¢ < ¢. To show that, we analyze expression ((2—7) (2 —r2) — 24 (1 —r) (24 2r — r2)) from the

(2—r)(2—r2) 7
=6 <1

first term of equation (68). If r < 7, this expression is positive if ¢ < A=)

—-Tr 77‘2 ~ ~
(2-r)(2-r?) ; = ¢ < 1. Therefore, if r <7 and ¢ < ¢, both terms in the

and negative if ¢ > IR —1

right-hand side of equation (68) are negative and the social loss is a decreasing function of the
precision of public information. If r < 7 and ¢ > ¢, the first term in (68) is positive and the
6pr9

—2 —=5 =
O—s,j_>0 o 2

. o0, the loss function is increasing in the precision
5,4

second term is negative. As limagz n
of public information if this precision is close to zero. To further characterize the loss function
when the precision of public information is not close to zero, we note that the sigh of (68) is
defined by the sign of cubic polynomial £ = A <%)3 + B <%)2 +C <%) +D
with A = — (26%(1 —7) (2 —7)2(1+7) = 7?3 —71) +4)) + 40(2 — r)*(1 — r?) + (2 — 7)*(2 — 1?),
B =3A+4¢*(1—r)8—2—-r)(1—r+7?), C = 31 —r/2)?(A+8*(1—1)), D = (1 —
r/2)3 (A + 84*(1 — r)). The discriminant of this polynomial Ay = B2C?—4AC®*—-4B3D—-27A*D*+

13Worth to mention that if ;2 = 0, public loss is decreasing in 0;]2-. All that follows for o2 > 0.
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1I8ABCD is negative and A < 0. This means that expression (68) is either negative (when the
-2, -2
only real root of polynomial £ is negative) or is positive for low values of 090# and negative

—2, 2
for high values of % (when the only real root of polynomial £ is positive). This means that

T

the social loss is either decreasing in precision crs_]? or has an inverted-U shape (increasing for low

values of a;j and decreasing for high values of O';]Q) We have shown earlier that the loss function
is increasing in the precision of public information when this precision is close to zero, if » < 7 and
o > gz~5 Taking into consideration this fact, we can conclude that under these conditions the social
loss function has an inverted-U shape. If any of these two conditions does not hold, the social loss
function is decreasing in the precision of public information. Obviously, if the social loss function
is decreasing in the precision of public information, full transparency is socially optimal. If the

social loss function has an inverted U-shape, either full transparency of full opacity is optimal.

Partial transparency is never socially desirable. This concludes the first part of the Proof.

Step 2. Step 1 demonstrates that conditions 2.a) and 2.b) in Proposition 5 ensure that the social
loss function has an inverted U-shape. In this case, either full opacity or full transparency is socially
optimal. For full opacity to be optimal, two additional conditions are necessary: the precision of
public information under full opacity should be on the increasing part of the loss function and the
loss under transparency should be higher than the loss under opacity. We can rewrite the social

loss difference as

J _ AJ J
Ag = Ag, + Agy 3,

where
ALy = [ALsd? + Y2 (1= ¢)° = (A1s(1 = /2 +7°8) 26 — 1)*] | =—r—= — - | and
’ Ty Ty, 1% %
. —2 -2
AJ 42 Az,s A3,50% B Ass . A3,50% .
I T Il R e e L H-5est) (0 +1-pe)

Assuming o, 2 + o, ?c > 0.2, Aé’,2—3 is finite and negative. The sign of Ay, is ambiguous. If

r>2—4/2, Agl is negative for any ¢. In this case, transparency is socially optimal. If r < 2 —+/2
there is é so that Aé,l is negative if ¢ < gg and positive if ¢ > é In the latter case, when 0;2 — 0,

A{gl is positive and infinitely large, meaning that the overall loss difference Ag is for any A‘g 93
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In this case, the social planner chooses opacity. Proposition 5 comes immediately.

G Proof of Proposition 6.

v -Tr 77‘2 -
As we have seen before, ¢ = % and ¢ < 2(2112). The ratio between two thresholds is:
1 7 . 2 2
22 ﬁr _ 1+r)2-=r)(2—-1°) g 2r 51
R e (1—r)(2+2r—r2)(2+r) (1—=r)2+2r—1r2)(2+4r)

Thus, ¢ > ¢ if r # 0 and ¢ = ¢ if r = 0. We know that if ¢ < ¢, full transparency is
socially optimal. Nevertheless, full transparency obtains in equilibrium only if ¢ € [@, 5} Thus, if

RS @, ﬂ the equilibrium coincides with the social optimum. If ¢ < ¢ < ¢ < ¢, home opacity and

foreign transparency obtain in equilibrium, although full transparency is socially optimal. and the

equilibrium policy is not socially optimal in this case. If ¢ > ¢, home transparency and foreign
opacity obtain in equilibrium. Full transparency is socially optimal if ¢ > ¢ > ¢ and full opacity is
socially optimal if ¢ > ¢. Thus equilibrium is not socially optimal if ¢ > ¢. From that, Proposition
6 derives immediately.

H Proof of Proposition 7.

As the social optimum minimizes the sum of losses,

A ((052))" + (052,5) 5 .0) + AL, ((037,)" + (0,5-,) ", 657) <0,

Due to symmetry, A ; ((0.7,)" + (0.7 ,)",6.7) = 877 ((0.2,,)" + (0.2,-;)",6.%;). Thus,

N ((0535)" + (052,5) 70 0.5) + A7 ((052,5) + (0.2,25) 1 6.25) <.
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This means that each policymaker gets a negative loss difference when moving from the equilibrium

to the social optimum. Thus, the social optimum is Pareto-superior.
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