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Abstract

We study non-cooperative communication games being played by policymakers in an in-
ternational economy. Each policymaker receives signals on the real idiosyncratic shocks which
affect the country economies. It has the choice of revealing or not the received signals. The
model is characterized by a beauty contest argument in the utility function and cross-border
real spillovers. The non-cooperative equilibrium is never characterized by no revelation. A
full transparency outcome may be the equilibrium outcome and is then Pareto-optimal. From
a normative point of view, no revelation may be Pareto-optimal: the social value of public
information may be negative in international economies as well as in closed economies. Partial
revelation schemes are possible outcomes but never Pareto-optimal. We apply our result to

an international monetary game.
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Introduction

We address the Morris & Shin issue (“What is the social value of public information 77, or
“Should the policymaker reveal what it knows?”) in a game-theoretical framework where the

decisions about revelation are taken non-cooperatively.

The broad issue: What should the policymakers reveal about their information to the public,
given that they decide non-cooperatively and the public is subject to a “beauty contest” with

cross-border spillovers?

We study a two-country economy. A “beauty contest” feature in the payoff function of
private individuals. Existence of technological spillovers between countries. In each country,

a policymaker and private agents.
What is the public communication non-cooperative game:

— Each policymaker receives signals about the two country-specific fundamentals and

chooses non-cooperatively its information revealing policy: to emit both of the signals,

one of them or none.

— A “(0,1)” decision: No addition of noise to signals. Either true revelation, that we call

“transparency” or no revelation, that we call “opacity”.

e Aims:

. Compare the outcomes of the various possible configurations.
. Find the non-cooperative Nash equilibrium of this game played by the policymakers.

. Discuss the equilibrium. characterize it: is it of a prisoner’s dilemma variety or not? A

battle of sex game? A coordination game? analyze its properties.

. Under which conditions is the equilibrium of the game Pareto-optimal? Under which

conditions is full opacity or full transparency Pareto-superior to the equilibrium? (Equiv-
alently, what is the social value of public information in the context of information policy

games?

. Apply to an international monetary policy game.

e Results:

1. Total absence of public information is not an equilibrium.
2. Total public information may not be an equilibrium.

3. Consequently partial information can be an equilibrium.



4. The equilibrium depends on the strength of the real and beauty contest parameters.

5. Partial revelation is never Pareto-optimal. But full opacity of full transparency can be.

Which one is optimal depends on the real and beauty contest spillover parameters.

6. The total revelation equilibrium can be Pareto-optimal if the real parameter is in an

intermediate range. No other equilibrium can be Pareto-optimal.

2 Set-up

2.1 The model

Two countries indexed by j. Agents in a country indexed by i. Fundamental (real) shocks 6.

Countries of equal size: (n',n?) with n' = n? = 1/2. Total size normalized by 1.

Fundamentals. The composite variable characterizing j:
& =t +(1—9¢)077 (1)
The regional fundamental:

6 ~ N (n.03)

e ¢: a cross-border “fundamental” (real) spillover parameter. If ¢ = 1, no cross-border real

spillover; If ¢ = 0, full cross-border real spillover.

Private signals. Each private agent receives a signal on the fundamental 6.

g ~ d.i.d. (0,0)

~

« . . . )
Precision of private signal o “.

Public signals. Each policymaker j receives a comprehensive signal (y]l, y?) on the fundamentals
(6",6%)

yyo= 0" i k=12 (3)

ny o~ iid (0,0, )
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U

is precision of home information. Precision of the signal about 077 received by policymaker j

The precision of the signal about €’ received by policymaker j is equal to o o, i — this
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we assume that ay_i > ay_fc. In other words, home information cannot be less precise than the

—2 —2
o,y " Fo . .
£ __wf U,Qy’f > 1. This assumption amounts to

27

is equal to o y — this is precision of foreign information. Without loss of generality,

foreign information. Moreover, we assume that
say that even the foreign public information about ghe fundamental shock 67 is better than
the information received by private agents. 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.

—2 —2
o, +o
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Assumption 1.
Private loss function.

The private loss function of ¢ in country j:

z{:<1;r> (a{—@j)Q—i—g(Li—f) (4)

1 1
with L; = [(ay, — a;)*dk and L = [ L, dk . International beauty contest.
0 0

e 1. “beauty contest” spillover parameter. If r is 0, no “beauty contest effect”. We assume
0<r<l.

We rewrite (4) to obtain the following private loss function (like AP2007):

[Jf:l_r
! 2

(6~ )24 (@ )24 (@7 — ) ot — (@) ()
Public loss function

I/ di. Taking into

The loss of policymaker j is the sum of private loss in region j: Lﬂ; = fiesj :

account (5), we get the loss function of the policymaker in country j:

e GRS ©
2 Jiesi 8
2.2 Expectations
Thus, the signal sent:
sf = 9k+¢§>k:172 @
W~ didd (0,07%))



skj € {ay koo oo} Precision of signal

If opacity, o ; is equal to 0.

Where Y¥ =15 +v§. In binary version o7, ; € {0,00} and o7

% is denoted by o k . If transparency, o is equal to ay P

s, k ,J
Thus, there are two public cumulative signals s*:

J°

k
g Skjs —l—a —i5%;
skj + O-Sk’ —J
Precision of public signal s* is equal to o k 5” +o, 7]7 _je

If both are transparent, as’k = ayﬁ + o ]26 If both are opaque, 0;,3 = 0. If there is home

transparency and foreign opacity, 08_,3 =o, h. If there is home opacity and foreign transparency,

Let 2/ denote a common posterior of #7 given only public information:

2= B(]5.7,) = + (=) ®

-2

, o2
Where w’/ = —21—.
Us,j+o.0

Precision of this common posterior is equal to UZ_JQ- =0, + as_jz

The relative precision of 27 in comparison to private information:

—2 -2 —2
;0.5  Og 10,
C - ) - ) (9)
O'x UCE
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T s0mi the relative precision of public information about funda-
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o
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We denote by (7 =

mental shock 67. With the assumption 1 made before, we assume the following

. ; 4o +af2._.
Assumption 2. {7 = °G]_72 |

xT

Expectations of ¢ in region j:

E (9_j| z_j) =z

Il 53 ol S L
E(9|27%):1+@-Z +1+iji

3 A non-cooperative game on public information.

We restrict the analysis to the choice between opacity versus transparency:

2

2 1s equal to o ; and the relative

SJJ

Y, ’L+Us 2J> J

0'1

e If the policymaker is home transparent, prec1810n o

.. L. . . .. o2t
precision of public information is precision ¢/ =



. oy 2407 .
e If the policymaker is home opaque, precision a;?’j is equal to 0 and (7 = %23‘3

2
i)

is equal to ay_fc. Thus, for given

-2
$,=J,=J

o If the policymaker is foreign transparent, precision o
’ -2 -2

—2 Oy ‘H’y,f""’

S’_jz_j7

o the relative precision of foreign public information is (77 =

ox

2
=7,

is equal to 0. Thus, for given O';EjV_Jw
—2

5. —ji—

Or ’

e If the policymaker is foreign opaque, precision o

i —2
the relative precision of foreign public information is (77 = %o 7

3.1 A sequential game.

The sequence of the game:

Step 1. Each policymaker decides non-cooperatively what it will reveal from what it knows. Here

are the four possible decisions considered by policymaker j:

1. (0,0). Full opacity.

y7.y3). Full transparency.

N

O,ng-). Domestic opacity / foreign transparency.

y},O). Domestic transparency / foreign opacity.

o
—~ o~

=

Step 2. Each agent receives his / her specific information.

Step 3. Public signals are emitted in accordance with decision of Step 1. The signals emitted by

policymakers are universally received.

Step 4. Expectations of private agents are computed: F [... ‘xf, si, 79, 0%, 0%, ]. Private ac-
tions (a

Z) are chosen non-cooperatively so as to minimize expected loss.

Step 5. The shocks are realized: (67,077). Losses are computed: (z{, ng, L{,V)

Therefore, given that each policymaker has 4 decision possibilities, there are 16 possible outcomes

for this game.



3.2 Private actions (step 4)

The optimal choice of a representative private agent i living in country 7 solves is as follows:

1—r

J .
@; = argmin
i

(6 €92+ (@ —al) 24 (a7 —a)? o2 o, — (@ —a )Y (10

a

The first order condition is:

(ﬁ:E[u—m(wf+@—¢wﬂ)+gcﬁ+W)

i (11)

As we can see from (11), private actions are defined by expected fundamentals and expected
average actions in both the regions, according to information set Iij of the agent.

We assume the following equilibrium private linear strategy:

al =Vl + I fdiz (12)
Solving for the equilibrium of this subgame, gives us the following solutions:

(1—-r)é

o 1
L =)ol =
¢ =rfa+ A (14)
& =(1-1)(1—¢)+7f (15)

Notice that:

V=45 (1-20) =2+ (1-1)¢

V+cd+d=1
Otherwise, we can rewrite the strategy of private agents in terms of signals:
EL{ = bjxf + &g +czjs_j + éju,

where &@ = wi¢/, & = wid/ and & = (1 —w!)d + (1 —w)dl. If p = 0, we get our usual

representation:



EL{ = b]xf + &g +ch5—]’, (16)

with ¥ + & +d/ < 1.

3.3 Public actions (step 3)

With the help of private strategy (12), we rewrite public loss (6):

B (1) = 1 [ (&) + 57 ()], (17)

where pj (¢7) is the “home” informational loss component, which depends on the information
about fundamental 67, and pj_j (¢™7) is the “foreign” informational loss component, which depends
on the information about fundamental =7. The “home” (informational) loss component in region

j can be expressed as follows:

PO) = (=) (B 40— 0) 0 + (L= () 02+ ()2 (=) () 02, (18)

-2
.. — . . .. . o, +o_ 5
Precision o, ]2 ; influences the relative precision ¢/ = - p—
J). T

weights b7, ¢/ and coefficient w’.

—2
+JS .
—==1 and consequently, the

Similarly the “foreign” (informational) loss component in region j, which depends on (77 =
—2, -2 —2
o, "+o_ " . 4o . .
0 ——sdds=32d can be expressed as follows:

oz

P () = (=) (P = (1= 9)) o) =2 (b7) 02+ (w) (L=r) (@) 0% ;. (19)

—2

—2 —2
oy " +0o +o. 2. .
i 2=2=J and consequently,

Precision 0;3].]. influences the relative precision (77 = 5”;’32
b I T
weights b=/, ¢77 and coefficient w™7.
—2
S,

Thus, the optimal value of o5 is defined independently from the equilibrium value of O';E i

s

3.4 Existence and unicity of equilibrium

Definition 1. The equilibrium in a policy game is the pair of strategies (P}, Py), where vector
P = ((a’2 )* , (o"2 )*) is such that

J NN $,—J,J

o240 2 (022 )
L. (0'72 )* = arg min 05’ <U(’ +USJJ—_~_2(US»*J»J) >

ENN) _92 _2 Oz
S (e
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2. (U;Ejyj)* = arg min ﬁj—ﬂ ( “to,2 /;j;(asﬁjﬁj) )
G{OU z

SJJ

Definition 2. The symmetric equilibrium is an equilibrium such that P} = P;.

o, +<7 24072 . o 2402 . .. .
if the loss difference A] ( 0 L i =k ’) is positive, the policy-

0'9: Oz

For given o2 i

. . . . j to 4o 2 . oy 4oy
maker chooses home opacity. Vice versa, if the loss difference A; ( i’;hg i —i 28 ZJ J)

T Ox

is negative, the pohcymaker chooses home transparency. For given o 2 Zj—j» if the loss differ-

—j [ oo +U 4o ; T2 tos . o . . . .
ence A7 ( Loud e = S 52 L=1 ) is positive, the policymaker chooses foreign opacity. Vice

Oz Og

. . _i [ o0 %402 ; +a - . . .
versa, if the loss difference A; J ( 0 Ty 77, = =1 o 1%, i ]) is negative, the policymaker chooses

Oy Oy

foreign transparency.

Proposition 1. For any (0;2,0;2,0;§,a;2,r) an equilibrium exists. For almost all ¢, the equi-
librium is unique and symmetric.

Remark 1. We clarify 'for almost all ¢’: as we show later, for any (09’2, O';}zl, a;?, o2 r) there exist
¢ and ¢, If ¢ = ¢, each policymaker is indifferent between home opacity and home transparency.
Thus, we have 4 equilibria in pure strategies. If ¢ = ¢, each policymaker is indifferent between
foreign opacity and foreign transparency. Thus, there are 4 equilibria in pure strategies. For any

O # {9,5}, equilibrium is unique and symmetric.

4 Properties of the equilibrium

4.1 The impact of the technological spillover on equilibrium
We get the following Proposition about the equilibrium in policy game:
Proposition 2. For given (09_2, U;Z, 0;30, 2 ) there exist ¢ and o such that
1. if ¢ < ¢, the equilibrium strategy is P; = (O, a;?) — home opacity, foreign transparency.
-2

2.1f ¢ < ¢ < ¢, the equilibrium strateqy is P = (ayﬁh,aﬁ) — home transparency, foreign

transparency.
3. if ¢ < ¢, the equilibrium strategy is P = ( y_i, 0) — home transparency, foreign opacity.

Proof. See Appendix. m



Remark 2. ¢ and ¢ are functions of (0;2, 0;,3, a;fc, o2 r). As & > 1, the following is true.

Um

Proposition 3. 1. Properties of ¢:

¢ ¢

(a) Precision of prior information and policymakers information lowers ¢: 7=z <0, — = <
- 4
¢
0, = <0
8ayj£
(b) Precision of private information increases ¢: 8%2 >0
(¢) ¢ is monotonously increasing inr. If r =0, ¢ =0. Ifr =1, ¢ =1/4.
2. Properties of ¢:
(a) Precision of prior information and policymakers information lowers qb z <0, o % <
y,h
0, aa;'; <0
(b) Precision of private information increases ¢: _2 >0
(c) ¢ is monotonously decreasing in r. If r =0, ng =1. Ifr=1, ¢ =3/
3. Propperties of (a — @ :
.. .. . . o(o—
(a) Precision of public information enlarges the region of transparency: 862_(1/;?2 > 0,
0(-9) o(¢-¢)
86;2652 >O’ 8yf‘712 >0
Proof. See Appendix. m

4.2 The impact of the beauty contest spillover

Similarly the impact of the beauty contest spillover r on equilibrium is described in the following:

-2 -2 _-2
y,h g o) ),

oL . —92
Proposition 4. For given (09 , O it Oz

1. if ¢ > 3/a, there exists a threshold value T (¢) such that for r < 7(¢) equilibrium is P} =
(Uy_i, y_f) — home transparency, foreign transparency. For r > T (@), equilibrium is P =

( ;1%’0) — home transparency, foreign opacity
2. if Ya < ¢ < 3[4, the equilibrium strategy is Pr = (o*;i,ay_f) — home transparency, foreign

transparency for any r .

8. if ¢ < 1/4, there exists a threshold value 1 (¢) such that for r < r(¢) equilibrium is P; =
(J;?L,Uy_f) — home transparency, foreign transparency. For r > r(¢), equilibrium is P =

(0, o, f) — home opacity, foreign transparency.

Proof. See Appendix. n

10



5 Optimal policy

To find the socially optimal policy, we derive the social losses, which are the sum of losses of all
the agents in the economy. These losses are the following:

1—r)o?

B (L) = ¢ 5 75 () + 57 ()] (20)

where g} (¢7) = 7, (¢) + #_; (¢7) is the component which depends on the precision of information
about fundamental 67 and jg’ ((™7) = j;7 ((77) + p_% ((77) is the component which depends on
the precision of information about fundamental #7. Due to symmetry, both the functions p’ and

Ps

7 are as follows:

(4r2¢? —2r2 (2 —7)* (1 — 20)° +4 (2 —r)> (1 — ¢)°) 4% (1 =) B
42-1)¢ (2= r)* (1 =7/2) + &)

7=

(21)

(1—7)¢?r
(2= 7) ((1=r/2) + ¢7)?

Definition 3. The social optimum is the vector (&;12, 6;22) such that

-2 —2

L ) i [0g” T 045 .

US; =arg omin s <—23J) ,J€1{1,2}
osie{00, Gy b0 oyl To

We first study the properties of the public loss function, which are summarized in the following

lemma:

(2—7) (2—7"2)
(2—r)2(14r)—r2(3—1)

Lemma 1. For given r, there exists gg(r) = min {1, }7 such that

1. ifo < gB, loss component ﬁfg (¢7) is monotonously decreasing in (7 .
2. if ¢ > &, loss component ﬁfg (¢7) has an inverted U-form.
Proof. See Appendix. n

Lemma 1 tells us that intermediate transparency is never socially optimal. Either full opacity
or full transparency is optimal. From here we can conclude that for ¢ < ¢, where we have home
opacity and foreign transparency in equilibrium, equilibrium is not optimal. If ¢ > ¢, we have
home transparency and foreign opacity in equilibrium. This equilibrium is also not optimal. To
conclude about the optimality for ¢ € [Q, q_b} and to describe the social optimum, we proceed with
its characteristics.

Using Lemma 1 and focusing on ¢, we immediately come to Proposition 5 with the character-

istics of social optimum:

11



Proposition 5. For r given,

1. Ifp < gz;( ), full transparency (7, *2 =0, f—l—ay ~) is socially optimal for all (09 0, P a;f, 0_2).

2. Ifp > ¢ (r), there exist ¢ (¢,7) and ¢ (¢, 7) such that:

—2
() if T2 < (6,7), opacity (7, =0) s socially optimal for all (7,7, ).

-2 —
(b) if Ziﬁ > ((¢,7), transparency (] ’2 =0, f +o, 2) is socially optimal for all ( yh, ;?)

(c) if C(o,7) < @ < ¢ (¢,7), there exist 6,% such that

i ifo,} + 0,7 <06, opacity (5,7 = 0) is socially optimal
ii. if o Z +o f o, 2 society is 1nd1fferent between opacity and transparency.
iii. if ayi +o ? 6,2, transparency (7, = a;; + a;i) is socially optimal

Proof. See Appendix.

Using Lemma 1, and focusing now on r we get a similar Proposition:
Proposition 6. 1. ifr > 1—(\/§ — 1), full transparency is socially optimal for all (0;2, 0;%, U;i_j, o2
2. ifr < 1—(\/5 — 1) and ¢ < é(r), full transparency is socially optimal for all (09_2, 0;%, a;??_j, 052).

8. ifr<1—(vV2-1) and ¢ > ¢ (r), there exist C(¢,7) and C(¢,7) such that

(a) 2 < ((601), opacity (5,2 = 0) is socially optimal for all (7,7, ,%)

—2 —
(b) 25 > ((¢,r), transparency (&s, = Oyf +o0, ~2) is socially optimal for all ( yh, yfc)

-2 —
(c) if ((o,7) < % < ((¢,r), there exist 5,7 (¢, 1) such that:
o if a;i - a;?p < &;2, opacity (&;]2 = 0) is socially optimal;
o if a;i + a;fc = &y_z, society is indifferent between opacity and transparency;

o if a;i + a;fc > 6;2, transparency (5;? = ay_jc + U;Z} 18 socially optimal.

Proof. See Appendix.

Remark 3. Proposition 5 is too bulky, isn’t it? What if we rewrite it in the following way:
i) If ¢ < & (r), full transparency (& (~_2 ; o, f+ay ») is socially optimal for all (o, ,Uy_i, ay_fc, 0,2
ii) There exists ¢ such that for any > > (, transparency (& (7., 2
1
for all ( yh, yf,gzﬁ r)

1

=0,7 +ay’h) is socially optimal

Remark 4. C = % ()]
emar ( = arg née}x P (C ) ot

12



-2, -2, -2 ~ _ o2
iii) For any % > 1and ¢ > ¢ (r), there exist ¢ (¢,7) < ¢ such that if “& < ((¢,7),
T _o - xT -
opacity (&;j2 = 0) is socially optimal, if % > ((¢,7), transparency (&;32 = a;fc + a;i) is socially

optimal.
Moreover, 8%2’T) > 0. All this means that an increase in technological spill-over increases the

chance for opacity to be socially optimal.

If we agree on this, we can also rewrite Proposition 6.

5.1 Comparison of equilibrium with social optimum.
Proposition 7. The non-cooperative Nash Equilibrium is socially optimal if and only if ¢ € [Q, ﬂ )
Proof. See Appendix. n

Proposition 7 states that if we have transparency in equilibrium, this equilibrium coincides with
the social optimum. If we have intermediate transparency (either home transparency and foreign

opacity or home opacity and foreign transparency), this is never socially optimal.

;i,ay_fc,a_z 7“) and ¢ ¢ @,ﬂ, the social optimum Pareto-

x

Proposition 8. For given (09_2,0

dominates the non-cooperative Nash equilibrium.

Proof. See Appendix. n

6 An application: International monetary policy games.

To be added.

7 Conclusion.

Is the result that the social value of public information may be negative sustained in an inter-
national environment? More broadly how to understand the communication policies designed by
public policymakers in such an environment?

Reflecting in an international environment (more largely, in a multi-jurisdictional environment)
considerably complicates the matter. Not only multiple sources of information but also multiple
policymaker deciding on their communication policy must be taken into account. This creates a
strategic dimension which is absent in the simple one-policymaker studied by Morris and Shin.

In turn, this strategic environment generates two issues:

1. assuming that these policymakers act non-cooperative for the sake of their own country, what

is the equilibrium of the non-cooperative game they play? Is it unique?

13



2. how to evaluate this equilibrium (or possibly, equilibria) with respect to a normative criterion

such as the Pareto criterion?

We address this issue by means of solving a communication non-cooperative game played between
the country policymakers where these players have to decide upon which information in their
possession to reveal to the public.

The multi-country model we use displays three types of spillovers: a real shock spillover, a
“beauty contest effect a la Morris and Shin and the informational spillovers due to the fact that
the information bits revealed by policymakers are free and reach 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 equilibrium. This equilibrium always involves some revelation by the
policymakers. In other words, full opacity is never a solution. Which does not imply that it
cannot be a superior policy. Actually we prove that for some subset of the parameter space, it
is Pareto-dominant. This vindicates the Morris and Shin claim: in international environment the
social value of public information may be negative. This is likely to occur when the beauty contest
parameter is large relative to the real spillover parameter.

On the contrary the full transparency equilibrium can be obtained for intermediate values of
the real spillover parameter and it is the Pareto-dominant solution.

Partial communication solutions can be the equilibrium outcome but can never be optimal.

These results can be readily applied to a standard international monetary game. Combining
the communication tools with standard policy tools appears to be a challenging but intriguing task

which is left to further research.

14



A Appendix

A.1 Choice between home transparency and home opacity

—2 -2

We rewrite the loss component p?, which depends on ¢/ = 052+05ﬁ;+05'f”*j:
() = =n) (57 (¢) o2+ 5 (1= 20) ),
where
o (42— (2 1) (1-2¢)%) 4% (1 —7) (1—r) ¢
i’ (¢7) = : + — + :
7 (C) 42-r) ¢ (2= ((1="/2) +¢) 2(2—7")((1—7”/2)+C9)(222)
09_2"'_0'._2 + 2

p;7 (¢7) is a monotonic transformation of loss pg and 7 = — %023 g the relative precision
of public information about fundamental &’.

Let A? (C{, Cg)denote the loss difference for two positive levels of relative precision C{ and c;:

A (A, G) =7 (@) = (@) (23)
| It A? (Cf, gg')'> Q, the policymaker prefers C{ over gg'. It Ag (Cf, Q;) < 0, the.policymaker prefers
G5 over (7. If A] (¢{,¢}) =0, the policymaker is indifferent between ¢{ and (3.
We get the following Lemma:

Lemma 2. For given r and for any 0 < C{ < Cg, there exists 0 < ¢* < 62__2’;,, such that

1. if o < @*, A? (Cf, Cﬁ) >0 and policymaker prefers the lower precision of his home information.

2.1f ¢ = ¢F, A; (C{,(g) = 0 and policymaker is indifferent between two precisions of home

information.

3. if ¢ > 9%, Ag (C{, Cg) < 0 and policymaker prefers the higher precision of his home informa-

tion.

Proof. Let A? denote the difference between the loss under home transparency and home opacity:

AN =pi (0,200 ) =67 (0,0.7_.) (24)

y?j?j’ Svjvij ’ S,j,*j

We can rewrite this difference in the following way:

=2 A~ 2 2
, %y Op;’ (0 O )
J 505 2T -
A — 5007 780, 73) §y=2 (25)
J -2 5,750

15



We now use (22) to get the derivative:

opf (A -(2-r)"(20-1)7) (26)
Zo 42-r)? o2’

B 4% (1 — ) - ¢*r* (1 —r)o,”
Q-0 fo2t o]’ @0 [0-)e+ol]

Notice that if ¢ € [25=,1], the value (4¢* — (2 — )2 (2¢ — )2) is positive. In this case, all the

terms in ((26)) are negative. This means that the loss p] is decreasing in precision o, for all

' %o ’)32 is negative for all USN (0, ay?j) and their sum A; (25) is negative.
If ¢ € (0, %) the Value (40% — (2 —7)* (20— 1) ) is negative. Thus, the first term in (26) is
positive while two other are negative. To decide on the sign of A?, let us take the derivative of

(25) over ¢:

possible o7 . Thus

0N} [7uis O ~‘j( BT R
96 /0 00,200 O 0
From (26) we get:
%7 rP(20(1-rB-r)-@2-1)7°) 8¢ (1—r) B 2012 (1 — 1) 0,2
00,3,00 2= [o:3]" - [=rr)oz? + 0] @=n) [(1=r) oz +orf]
(28)

Easy to show that (2¢ (1 —7)(3—r) — (2 — 7“)2) is negative if ¢ € (0, 2=). Thus, all the terms

ONI . . . .
in (28) are negative. This means that —] is negative and the loss difference A; is decreasing in

¢. We have shown earlier that A? <0 for o = 62_’27;. If ¢ is equal to 0, ;7 = —42(72;)2% and
A;: = —4(2_T)( Qfoy:)fro;f,_j) + . T)<;:Qi)0;]2}_j) > (. Thus, their exist a value ¢* € (O, g:;) such
that :

. A; is positive if ¢ < ¢*

° A? is equal to 0 if ¢ = ¢*

° A? is negative if ¢ > ¢*
From this, Lemma 2 comes immediately. O

Turning to the properties of ¢* (r, C{, gg’), we get:
Lemma 3. Properties of ¢* (7“, Cf,(’g) ford >1:

1. ¢* is a decreasing function of Cf : Z?J <0
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2. ¢* is a decreasing function of (5 . % <0
2

3. For any (¢1,¢3) , ¢ (0.¢{, ) = 0. For any (¢{,¢3), ¢* (1,¢]. ) = Va4

4. ¢* 18 monotonously increasing in r.

Proof. By definition, Ag (gb*,n Cf, C%) = O is implicit function of ¢*. We use it to get the effect
of r on ¢* for ¢/ > 1. %< = _oay(erd G)/or We can easily get that 93;7(¢.:¢:7.6:7) /g < 0 and
1 Cor T aA§(¢,r,c{,gg)/a¢' V8 ’ ¢

087 (¢r 767 ) for > 0, thus %= > 0. ]

A.2 Choice between foreign transparency and foreign opacity

We rewrite the loss component pj_j, which depends on (77:

52 (€)= (=) (57 (CF) o2~ £ (1—20)3)

where ) )
1— — /(1 -2 2r (1 —
T R e e S C)
e ¢ 2((1 =2 + )
. . . . o 24072 4072
p; 7 (¢77) is a monotonic transformation of loss p;’and (77 = ———==245—==1=1 is the relative

precision of public information about 0~7.

Let Aj_j (ij, C;j)denote the loss difference for two positive levels of relative precision ¢;” and

G

A6 =677 (Q7) = (G) (30)
If A;j (gj, C;j) > 0, the policymaker prefers ij over C;j. If A;j (C;j, C{j) < 0, the policy-
maker prefers Cz_j over ij. If Aj_j (ij, C{j) = 0, the policymaker is indifferent between ij and
G
We get the following Lemma:

Lemma 4. For given r and for any 0 < Cl_’ < C{j, there exists % <P < 1;2:1{2, such that

1. f ¢ < 9™, Aj_j (ij, Cz_]) < 0 and policymaker prefers the higher precision of foreign public

information

2. if o = o™, Aj_j (Cl_j, Cz_j) = 0 and policymaker is indifferent between two precisions of foreign

public information.

3. if o > o™, Aj_j (Cl_j, Cz_]) > 0 and policymaker prefers the lower precision of foreign public

winformation.

17



Proof. Let Aj_j denote the difference between the loss under foreign transparency and foreign

opacity:
_ -2 -2 ~ 3 )
A ’ = Pj~ ( Ty,—j.j* T s,—3, ]) — 07 (07‘75,—3',—]‘) (31)
We can rewrite this difference in the following way:
—92 .
. Ty —i,j a~._] 0'_2. ,70'_3,_4
Aj_] _ / 7,3 P] ( s,—j,; S$,—7, ]) dO';zj’j (32)
0 00,5

We now use (29) to get the derivative:

aﬁ]_] . [(1 - ¢)2 - T2/4 (1 - 2¢)2:| + r ¢2 (1 - /r) 0-:;2 (33)
= = 5 \2 2 \3
9o, ”5; (G (L=rf)o2+0.2))
Notice that if ¢ € [1;12, 1}, the value [(1 — ¢) —ra(1—2 )2} is negative. In this case, all the
terms in (33) are positive. This means that the loss pf' is increasing in precision o~ ; for all
possible az_ij . Thus, 5 ?ij is negative for all o _“ (0,0'y ”) and their sum Ajf (32) is

14+
(33) is negative while the other is positive. To decide on the sign of Aj_j, let us take the derivative

of (32) over ¢:

positive. If ¢ € <0 HT{?), the value[(1 — d) — /s (1 —2¢) } is positive. Thus, the first term in

—j -2 —2
GAJJ :/ y —4.d 8/)3 ( Os . Ts,~4, j) dO__QH (34)
a¢ 0 5 ]]agb I
From (33) we get:
32/33_9 _ [@e-1)(1—r*) —1] 2¢(1—r)o;?
3 N +r - —~ 3 (35)
s, JJ ¢ (Uz,—j) ((1 —7/2) 0 +‘7z,—j)
The coefficient [(2¢ — 1) (1 — r?) — 1] depends positively on ¢. If ¢ = 1, this coefficient equals
o [1—r?>—1] = —r? , thus, is negative. From here we can conclude that it is negative for all
values of ¢. Thus, the both terms in (35) are positive. Thus, the value aip;jQ - is increasing in ¢.
We have shown earlier that A;j is positive if ¢ € [1;2:1{2, 1]. For ¢ equal to /2, A;j is negative.

Consequently, their exist a value ¢** € (1/2, 1;;/2) such that :
e A7 is positive if ¢ > ¢
° Aj_j is equal to 0 if ¢ = ¢**

° A;j is negative if ¢ < ¢**

18



From this, Lemma 2 comes immediately.
Turning to the properties of ¢** (r, ij, C{j), we get:
Lemma 5. Properties of ¢** (7", ij,g“;j):

1. ¢** is a decreasing function of ij . % <0
1

¢y 7

2. ¢** s a decreasing function of Cz_] : <0

5. For any (G7,.G;7), 07 (0,67,67) = 1. . For any (¢7.67). ¢ (L.G7.G7) =9/a.
4. ¢** is a decreasing function of r: % <0

Proof. By definition, Aj_j (¢**,r, G, C{j) = 0 is implicit function of ¢**. We use it to get the

Y - TR o : AT (G, ¢
effes:t of 7“‘ onv e 08,7 (0,76, Voo We can easily get that 94;7(667.67)/as > 0 and
087 (6617627 [or > 0, thus 22- < 0. -

A.3 Proof of Proposition 2

Comes immediately from Lemma 2 and Lemma 3.

A.4 Proof of Proposition 3.

. " 09_2—&-0;3. 09_2—&-07;?1—&-0;3. — - 09_2-4-0;% 09_2—&-0;%4-0;?
Comes from Lemma 3 if ¢ = ¢ : Lo—4L ) and ¢ = ¢ — Lol ),
e ) o oL ) O

A.5 Proof of Proposition 4.

Comes from Proposition 2 and Proposition 3.

A.6 Proof of Lemma 1.

We can derive social loss (21) over o :
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op _ (WP 27 (2-7r)’(1-20) +4(2—1)°(1-¢)°) 46 (1 1)

do; 4271 (0:2)° 2= (1 =r/2) 052+ 022)
2(1— 7)o, 2% (PP -2 (1-20)°) + (2-1)° (4(1-9)" — 17 (1 - 29)"
=7 (1 =)o +02) 42=r) (023)’
9 (1—1) 2((1—r1/2) 0522—1- U;JQ-) —(2-r7) (_1 —37“) o %r _
2-r) (1 ="/2) 02 +0.3)
_2(@2=1) =201 =7))(2—1)(2—7%) —20(r® — 3r* +2)) a1 20,24+ (2-7r)o,2—(2—7)
4(2—r) (0:2) (2 =2 ((1 =) 02 +
_ (2=r)—29(1—71)) (2=r)(2=1*)=2¢0(1—7)(3— (1—7“)2)) 211 2074+ (2—7)0,2(1-
22 -0, (2 =) (1 =7/2) 032
(36)
_ _((2—r) —2¢6(1—r)) ((2—7") (2—1r?) —206(1—r) (3— (1—r)2)) g (1) 2a;?+(2—r)0;2(1—
2(2—r)0.} (2 =) (1 =7/2) 0,2
(37)

The second term in ((36)) is negative, the first term is negative if the numerator is positive. Ex-
pression ((2 —r) —2¢ (1 —r)) is positive, expression (2 —7)(2—171%) —2¢(1—7r) (3 —(1— 7")2))
. e (2-7)(2-r?) . (2-r)(2-r?)

18 positive if ¢ < m It is easy to show that m
V2. This means that for all possible values of ¢ expression ((2 —7) (2 —7%) —2¢ (1 —r) (3— (1 — r)2))
8/){9
do_ 2

z

cision of public information.

is greater than 1, ifr > 2—

is positive and is negative for all values of a;?. Thus, the social loss is decreasing in the pre-

(2—7) (2—7"2) (2—r) (2—7’2)
2(1-7)(3-(1-1)°) 2(1-7)(3-(1-r)*)’

such that for all ¢ < ¢, the both terms in ((36)) are negative and the social loss is decreasing in

If r < 2 — /2, expression is less than 1, thus there exist gz~§ =

the precision of public information for all values of az_j.
If r <2—+/2and ¢ < ¢, the first term in (36) is positive and the second term it is negative,

from here 1 comes directly.

A.7 Proof of Proposition 5.

Comes from Lemma 1.

A.8 Proof of Proposition 6.

Comes from Lemma 1 and Proposition 5.
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A.9 Proof of Proposition 7.

We can show that ¢ > Ea/E > ¢. From that, Proposition 7 derives immediately.
1+r

A.10 Proof of Proposition 8.

As the social optimum minimizes the sum of losses,

N ((072)" + (072,,)"0:3) + A7, ((022) " + (073" 032) <.

J 8,0:J 8,=J:J 5,0,7 8,0,=3) 78]

Due to symmetry, A ((0.7,)" + (037-;)",0.7) = 877 ((0.2;,)" + (0.2,-5)",6.2;)- Thus,

A ((0000) + (0:255) 05 + 877 ((0.255) + (002,5) 70 0.2,) <0

J 5,053 5,=3,J 5,=5,J 5,=3,=J

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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