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This Online Appendiz details additional extensions of the models analyzed in the paper.

Appendiz C' considers four variations of the baseline model; two pertain to changes in the payoff
structure, one to the information structure, and one to the shock structure. These are: (i) the
introduction of direct strategic complementarity; (i) the existence of inefficient disturbances;
(iii) the presence of idiosyncratic noise in the policy maker’s instrument rule combined with a
noisy signal of the policy instrument; and (iv) binary signals combined with a beta distributed
fundamental. The analysis confirms that the superiority of instrument policy does not depend
unduly on either of these extensions. Combined, they provide the necessary bridge between the
results from our baseline model and those from the business cycle applications considered in the

paper in addition to in this Online Appendix.

Appendiz D considers the micro-founded business cycle model analyzed in Section 5 but supposes
instead that (a) both firms and workers make their employment decisions under incomplete
dispersed information; that (b) the policy maker corresponds to the economy-wide tax authority;
and that (c¢) firms and workers directly learn from current taxes about expected future tax
rates. Unlike in the main text, equilibrium prices here also clear commodity markets. The
model provides an important example of an economy in which both firm and worker choices
are conditionally efficient, despite the presence of direct strategic interactions and incomplete
dispersed information. The learning externality is the only inefficiency in the use of information.
All results therefore mirror those from the baseline model. I also in this Appendiz consider an
additional extension where firms always know their own productivity level before setting prices

in the business cycle model analyzed in Section 5. I show how all results continue to hold.



Appendix C: Extensions and Variations

This Appendix discusses various extensions and variations of the baseline model.

C. 1 Direct Strategic Complementarity (and the Crudeness of Policy)

An important extension of the baseline model is the introduction of direct strategic complemen-
tarity. As Morris and Shin (2002) first made clear, the presence of direct strategic complemen-
tarity has important consequences for the desirability of public information disclosure. Angeletos
and Pavan (2007) subsequent contribution demonstrates that whether additional public informa-
tion is detrimental or beneficial for welfare depends critically on whether the “equilibrium degree
of coordination” between individual actions is above or below the “socially optimal degree”.
Suppose, for instance, that there is too little coordination between people’s actions compared
to what is socially optimal. Releasing additional public information, in this case, helps people
better coordinate their actions as it informs them about the activities of others. An extension
worthwhile exploring is thus whether our preference for instrument over communication policy
extends to situations like these with insufficient payoff coordination. This extension will also
demonstrate how our main results extend to cases where both communication and instrument
policy are “crude”, in the sense that they attempt to use the policy maker’s information to attain

multiple, rival objectives. The following utility function delivers such an instance,'
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when r € (0, 1) and the social loss function equals W = —E fol U;di. The difference between the
equilibrium degree of payoff coordination and the socially optimal is (r — 1)r < 0.

In the absence of instrument policy and keeping the informativeness of the economy-wide
outcome constant, (1) makes public information disclosure invariably beneficial. Nevertheless,
despite this counteracting motive, the combination of complete opacity and active instrument
policy is here still optimal. The presence of insufficient payoff coordination does not overturn

the superiority of instrument policy (¢f. James and Lawler, 2011).

Proposition. The optimal policy is complete opacity, 75 — 0, combined with active instrument
policy, ¢r € Ry. The informativeness of the endogenous public signal, a, under the optimal

policy can be either above or below that under full disclosure, kf E kg,r'

In fact, instrument policy has two separate advantages over communication policy in (1) —
the same two advantages as detailed in Section 5. First, it is able to control the emphasis on

private and policy maker information without adding noise to the information structure, the

!This utility function is also used in, for instance, Hellwig and Veldkamp (2009) and Hellwig et al. (2012).
2The equilibrium degree of payoff coordination equals r; the socially optimal is 2—-r)r.



advantage from the baseline model. And second, it can increase the equilibrium emphasis on the
policy maker’s information, even beyond the full disclosure case. (Note that increases to ¢ can
arbitrarily increase the loading on z in (4.3).) This allows the policy maker to create even more
coordination than that achieved with full disclosure.

While the first advantage is present irrespective of parameter values, the second depends
on whether the learning externality dominates the lack of payoff coordination or wice wversa.
The learning externality, all else equal, causes the weight on policy maker information under
full disclosure to be above the socially optimal. This induces the policy maker to set ¢; < qgr
and 7, — 0, where ¢ = gZA)r replicates the full disclosure outcome, such as to increase the
relative emphasis on private information kg, > kgm but without the introduction of noise to
the information structure. The lack of payoff coordination, by contrast, has almost the exact
opposite implication. It causes, all else equal, the weight on policy maker information under full
disclosure to be below the socially optimal. That is, to alleviate the lack of payoff coordination,
we need less use of private information than under full disclosure. The best means for the policy
maker to achieve an outcome where k7, < kf{r is, however, still only with instrument policy.
Only with ¢7 > (;AST, and 7, — 0 can the policy maker increase coordination beyond the full
disclosure case and also avoid the added noise from communication policy.?

Thus, while our basic rationale for instrument policy is unaffected by the presence of di-
rect strategic complementarity, its existence does provide instrument policy with yet another
advantage. When the learning externality is relatively strong (kzar > kg’,,), the exclusive use of
instrument policy is optimal only because it avoids the introduction of noise to the information
structure. When the lack of payoff coordination, by contrast, is relatively severe (k‘S’r < k&T),
the sole use of instrument policy is optimal partially also because it can increase coordination
beyond the full disclosure case. By comparing kg, with kg’r, one can determine the existence of

the second advantage of instrument over communication policy.*

Proof of Proposition: Using (1), an individual’s decision rule becomes,
ai:Ei[(l—r)(H—m)—Frd]. (3)

Applying a similar guess and verify procedure to that in Subsection 2.2 now shows that the

3Surprisingly, full disclosure combined with active instrument policy is here not optimal. Under full disclosure,
the policy maker cannot increase the equilibrium loading on z above the full disclosure case. The policy instrument
is fully known under full disclosure. So the policy maker cannot use expected instrument policy to further increase
the amount of coordination. Only under partial- or complete opacity can the policy maker increase equilibrium
coordination beyond the full disclosure case. Furthermore, because the value of added payoff coordination depends
on the coefficient r, there can exist a value of r € (0, 1) such that kg, = kg’,«. With the exception of this knife-edge
case, however, instrument policy is uniquely optimal.

“The alternate case of 7 € (—1, 0) creates direct strategic substitutability. It details the inherently less interest-
ing case where the equilibrium degree of coordination is always above the socially optimal one — both because of
the learning externality and the excess payoff coordination. The learning externality, in this instance, therefore
merely reinforces the conclusions from the setup with only direct strategic substitutability and k& > kd.
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unique linear Bayesian equilibrium action for person ¢ in this economy equals,”

1
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where kg € (0, 1) and the coefficients solve the equations,
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To demonstrate the optimality of complete opacity combined with active instrument policy,

I follow the same three step procedure as in the Proof of Theorem 1.

Step 1: Repeated use of the equilibrium coefficients shows that the term which matters for social

welfare equals,
1
Al = ai—(l—r)(Q—m)—T/ a;di,
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Thus, after a few, simple derivations, also using that Z?:1 ki =1-¢,
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Because this

Step 2 and 3: Consider now the only term that depends on 7, k3 (1 — 7“)2 %

term is similar to that from Theorem 1, it once more follows that complete opacity combined
with active instrument policy is uniquely optimal iff. kg, = argming, W, (ko, 7o — 0) # k:g’,,,
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Minimizing W, when 7, — 0 shows that kg, > 0 equals the unique solution to,0

where kg,r uniquely solves kf{r = . All that remains is to characterize ]fa,r-
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(7) shows that the baseline result continues to hold and k7, > kg’r. However, comparing the

which is implemented by ¢f = 1 — When r is small,

fixed-point equations for kg . and k&r shows that the right-hand side of the equation for kgﬁ, is

5T derive a; in terms of y instead of a, to simplify the subsequent derivations.
5The uniqueness of k¢ . follows from the strict pseudo-convexity of W, when 7, — 0. A solution to ‘QLVDT =
0 [or (7)] is therefore the unique global minimum. But such a solution always exists since D (0) > 0 and

limpy o0 D (ko) = 0, which combined with the continuity of D ensures a crossing with the 45°—line at kg, > 0.
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greater than D(k{ ) whenever r7, > 7, (kg7r)2 — or equivalently when r > Ta%.7 Thus, if
7o (1—1)2

) 1), we have that kg, < kf)i,r since the crossing with the

45°-line is in both cases from above (see (7) and the definition of kgﬂ,). While complete opacity

there exists values of r € |:’Ta

combined with active instrument policy is always optimal, there can exist a value of r € (0, 1)

such that full disclosure also attains the welfare optimum.

C.2 Inefficient Disturbances

Perhaps a more immediate concern is how our results extend to situations where responses to
the fundamental are inefficient even under full information, as with mark-up shocks in business
cycle models. Hellwig (2005) and Angeletos and Pavan (2007) demonstrate how the optimality of

public information disclosure depends critically on the efficiency of the underlying disturbance.

The following utility function delivers an example of an inefficient disturbance,’
1 2 1 _ 2
U, = _iEi [a; — (6 —m)]” — §Ez [a— (N —m)]", Ae€(0,1). (8)
where a person’s optimal action still equals a; = E; [# — m] and W = —E fol U;di. Here, even

if people perfectly observe the fundamental, responses to it are still suboptimal: If 8 € €;, the
fb

equilibrium response is a? = ¢, while the socially optimal is a; = 526. People overreact to
the fundamental compared to what is socially optimal. This excess response, in turn, does not
follow from any inefficiency in the amount of payoff coordination. The model, like the baseline
version, has efficient payoff coordination: the equilibrium degree of payoff coordination equals
the socially optimal one.” Indeed, the source of inefficiency is entirely due to A < 1.

The inefficiency of the fundamental disturbance provides yet another reason for complete

opacity. Even when the instrument is mute and keeping the informativeness of the economy-

Tx
To+Te+Taky

information, in this case, merely exacerbates the excess response to the fundamental, making

wide outcome constant, the optimal policy is 7, — 0 when A < Providing additional
any disclosure suboptimal (see also Angeletos and Pavan, 2007).

Once we allow for the use of the instrument and internalize the informativeness of the
economy-wide outcome, it is thus hardly surprising that the fully optimal policy once more

features complete opacity combined with active instrument policy. '’

T (1=7)

. But because the
To+Tz

Tz (1—7)
Te+Tz

"The latter follows from the fixed-point equation for kg’rz Tz > Ta (kg’r)Q iff. kg,r >
unique crossing between the right-hand side of the equation for k‘gm and the 45°-line is from above, kg,r >
Te (1—'r)2

iff. r> T4 = where I have used the right-hand side of the equation for k:g’T evaluated at

8T assume in (8) that 6 ~ N (0, 1/79). This ensures that utility is bounded.

In both cases, equal to zero.

10The alternate case where A > 1 details a situation where people respond too little to the fundamental. In
this case, the optimal policy is once more complete opacity combined with active instrument policy. But like in
the “ Direct Strategic Complementarity” case, there could now be two root causes of the superiority of instrument
policy. Depending on parameter values, it could in part be driven by instrument policy’s ability to create a greater
reaction to z than that achieved with full disclosure. This excess reaction then, in turn, partially alleviates people’s
insufficient response to the fundamental.

Tz (1—7)
Tet+Tz "




Proposition. The unique optimal policy is complete opacity, 175 — 0, combined with active
instrument policy, ¢y < <2> The informativeness of the endogenous public signal, a, under the

optimal policy is always greater than that under full disclosure, ka/\ > kg.

The added rationale combines with that identified in the baseline model to make complete
opacity uniquely optimal. Furthermore, because of the excess response to the fundamental,
the optimal level of instrument policy gb;e(o,l) < ¢y_q- A smaller A, all else equal, increases the
excess response to the fundamental. But this optimally necessitates less use of the policy maker’s
information, to counteract the excess response, and thus a smaller value of ¢}. Under the optimal
policy, it therefore still holds that ¢§\€(071) < é (and thus that k:(’;’ \ > kg) since ¢y _; < q@ because

of the learning externality.

Proof of Proposition: Since an individual’s decision rule still equals a; = E; [ — m], it follows

from Proposition 1 that,

1
a; = koz; + k1y + kow, y=0+

kioeaa
where the coefficients equal the unique solutions to,
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I once more show that complete opacity combined with active instrument policy is optimal by

using the same three step procedure as in the Proof of Theorem 1.

Step 1: Repeatedly using the equilibrium coefficients shows that,

Wy = —E[Uj] (11)
2 2 2 2
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Step 2 and 3: Since the only term that depends on 7, k2 %, is almost identical to that from
Theorem 1, it once more follows that complete opacity combined with active instrument policy

is uniquely optimal iff. kj , = argming, Wy (ko, 7, — 0) # k¢, where k¢ uniquely solves kg =

= . All th ins i how that k% , differs f d. Minimizing (11
ot () >0 that remains is to show that kg , differs from k§ inimizing (11)

when 7, — 0 illustrates that kj , > 0 equals the unique solution to, !
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Tr +
> kd. (12)
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"The uniqueness of kg 5 once more follows from the strict pseudo-convexity of Wy when 7, — 0. A solution to
d;;h =0 [or (12)] is therefore the unique global minimum. However, such a solution kg y > 0 always exists since
D (00) > 0 and limg, 00 D(ko) = 0, which combined with the continuity of D ensures a crossing with the 45°-line

at a positive point.
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Since ‘fl—’f; < 0, it follows that ¢} < gﬁ = m, where (;AS replicates the full disclosure

outcome, kd. Last, % < 0 from (12).

C.3 Noisy, Observable Instruments

Last, an equally pressing extension is to abandon a specific assumption that I made for tractability
purposes. Specifically, that because of our one-shot model people cannot learn from the history
of past and current instruments about the policy maker’s beliefs. I here illustrate why this
assumption does not critically affect our main results; I also discuss in more detail why the noise
disturbance €, does not affect our main rationale for instrument policy. Online Appendiz D.1
below expands on this robustness towards the signaling role of policy instruments by studying a
micro-founded business cycle model in which agents directly observe a policy instrument.

A way to explore the effect of adding past and current instruments to agents’ information
sets still within the confines of our framework is to extend the baseline model with an additional
public signal s,

s=¢z+¢€, M=Qz+ €, (13)

where €5 ~ N (0, 1/75) is independent of all other stochastic disturbances. The signal s provides
a crude summary measure that substitutes for the information that in a dynamic setting could be
contained in past and current instruments (see Online Appendiz D.1 for an example). When ¢
is relatively large, s is very informative about the policy maker’s beliefs. This corresponds to the
situation where past and current instruments provide a lot of information about the policy maker
because changes to his instrument to, a large extent, reveal his beliefs. Because of €5, however,
the summary measure does not perfectly reveal z. This is important; it allows communication
policy to still provide additional information about the policy maker’s beliefs.

While this extension provides additional information about the policy maker’s beliefs it,

however, does not meaningfully alter our results.

Proposition. The unique optimal policy is still complete opacity, 7}, — 0, combined with active
instrument policy, ¢* < QAS The informativeness of the endogenous public signal, a, under the

optimal policy is always greater than that under full disclosure, ki > k‘g.

While s provides a lower-bound to the knowledge about the policy maker’s beliefs, it does
not alter that decreases in ¢ from gE increase the informativeness of the economy-wide outcome,
alleviating the consequences of the learning externality. Increases in 75 do, of course, diminish
the benefit of decreasing ¢ below QE Decreases in ¢ come at a more substantial cost in terms
of decreasing the knowledge about the policy makers beliefs. But for a finite 74 € Ry, it is still
optimal to rely solely on instrument policy since it avoids the introduction of additional noise.

Let me now briefly turn to why the noise disturbance €, in (13) also does not affect our basic
rationale for instrument policy. The reason is that the welfare costs from ¢, do not influence

the welfare benefits of changes to ¢ — precisely as in standard monetary policy rules. Decreases



in ¢ still directly affect the stability of the effective state of the economy, and hence people’s
incentives to rely on their own private information. And they still do so without the introduction
of additional noise to the information structure, unlike communication policy. The presence of

the added disturbance ¢, therefore does not influence the characteristics of the optimal policy.

Proof of Proposition: The unique linear Bayesian equilibrium action for person ¢ now equals,

- 1
a; = kox; + k1y + ko5 + kaw, y =0+ —eq,

ko
where § = z 4 es and the coefficients solve the equations,

1-— 2 k2

ko = 7, '2( }) T2 + Ts¢ . k= Ta Oko (14)
(Tw +72) (Tx + Tako) + T Tz + Ts¢? (Tx + Tako + Tz) Tx
T, — ¢ (T + Tk + 7

ky = 756” - f( RRCRRD) s k= ks (15)

(Tw + Tz) (Ta: + Tak()) + Tz + Ts¢2 (T:v + 7_a,k'() + Tz) Ts¢

Approach: 1 proceed in four steps: First, I derive an expression for the equilibrium welfare loss.
Second, I use that expression to show how complete opacity combined with active instrument
policy can achieve a strictly lower welfare loss than that any partial disclosure policy where
¢ # qS = m and 7, is finite. Third, I show that those policies where ¢ = (ﬁ achieve
the same level of welfare as full disclosure. Last, I show how the best complete opacity policy

dominates the full disclosure case and characterize the optimal policy.
Step 1: Equilibrium Welfare: Using the equilibrium coefficients repeatedly demonstrates that,

2 2
a X a 1 1
Lkoko (HT’MO . 1) -4 (k2> R ] . (16)
7— Ts

T Tz Tz ¢ Tw 7—m

WS -

1
2
Step 2 and 3: The Weak Optimality of Opacity: Once more applying the equilibrium coefficients

in (14) and (15) repeatedly shows that,'?

o All partial disclosure policies where ¢P # qﬁ and 75 finite are strictly dominated in welfare

terms by the complete opacity policy ¢° = By + ¢P (1 — 3,), where By and [, denote the

12 Alternatively, consider A; under partial disclosure. AAdjusted for the change in the information structure and
the instrument rule, this expression equals when ¢? # ¢ and 77 is finite,

A7 =E7[0] =0+ [Bo + ¢" (1 = B:)] (z = E7 [0]) + (B0 — 9" =) €w + €m, (17)

where E7 [0] denotes the expectation of 6 based on the complete opacity information set, Qf = {z;, y, §}, and 1
have once more used the decomposition E? [-] = E? [-] + 8 (w — E{ [-]) for both E? [] and E? [z]. Now consider the
expression for A; under complete opacity,

AZ =2 [0] — 0+ 6° (= — E2 [8]) + em. (18)
Comparing (17) and (18) shows that when ¢° = B¢ + ¢ (1 — B.),

Bo

W (P, ) =W (¢°, 7w — 0) = (59—¢pﬂz) 7 >0 v¢P7eﬂ = é.
ButWhenﬂﬁp:é»W(¢p7T£)=W(q§,Tw—>0):W(qﬁe(o, 1),Tw—>oo).
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projection coeflicients of € and z onto F, = {w — ngw}, respectively.

e Those partial disclosure policies where ¢f = é, however, all attain the same welfare outcome

as full disclosure, which outcome can also be replicated under complete opacity with ¢° = gZ;

Step 4: The Strict Optimality of Opacity: Consider the policy maker’s problem under complete
opacity,

- T Ts P°) Ts  Tm

2 2 2 2
1 1 1
Tx +;—ak0 kjg + (T;Ij + Tako ]{0 . 1> + (kQ) 4 ] . (19)
T,

Next, let us decompose,

B\21 1
QWS:f(k0)+<2> —+—

¢O Tm

where f is the strictly pseudo-convex welfare function from the Proof of Theorem 1,

Ty + Tak? T k2
f(k0)57_20k(2)+< .

x

It follows that kj ;> k‘g, where kj 7 denotes the unique value of ky that minimizes f.

Suppose now that we start at ¢° = é, and hence with kg = kg. In that case,

Ws:f(kg)+o+7i,

m

since ko = 0 when ¢° = ¢. Consider now an infinitesimal increase in kg from kg to k{ consistent

with (14). Since kg, > kd and f is strictly pseudo-convex, it follows that f (k) < f (k).
However, it also implies that k3 (k) L > 0. But since ¢° = qAS attains the global minimum
o / Ts

¢° (ko)

for k%dﬁ%, this latter effect is only of second order. By contrast, the former effect is of first order.
dk
t dko

Thus, we can conclude that k% > kg and ¢* < ¢; the latter follows from tha 05 |ko—hd
0="Fq

Finally, it follows from (15) and (19) that when 75 — 0 the optimal policy tends towards that

< 0_13

from Section 4; for 7, — oo the optimal policy, in contrast, tends towards full disclosure.

C.4 Alternative Shock Structures

Several of the convenient properties of normal distributions that I used in Sections 2 and 3 are
enjoyed by many other pairs of prior and likelihood. In fact, Ericson (1969), DeGroot (1970)
and Vives (2010) show how the pair normal-normal is merely one example of the class for which
conditional expectations are linear, and hence the main decomposition used to arrive at Theorem

1 holds exactly. The decomposition, for instance, holds for many of the most commonly used

2
13The uniqueness of k& follows from the strict pseudo-convexity of W, when using that (ki) =

(3) o+ ¢

2 2
p;fo ko + ko — 1) and from the quasi-convexity of the constraint (14).
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distributions when combined with natural priors, in addition to the important case where we
restrict agents to only construct linear-best predictors (see Brockwell and Davis, 2009).'* Below,
I provide a simple example with binary signals.

Suppose that 6 is drawn from a beta distribution between zero and one, where a > 0 and
B > 0. The private information of individual ¢ is summarized by an independent bernoulli trial
x; with parameter . Consistent with Section 2, the policy maker’s own private information
is also assumed to be an independent bernoulli trial z with 6. I here discount the presence
of an endogenous public signal a for simplicity. The key step is to demonstrate how complete
opacity combined with active instrument policy can replicate the full disclosure outcome. When
full disclosure does not attain the constraint efficient outcome, complete opacity then dominates
because it avoids the added obfuscation associated with partial disclosure. The rest of the model

follows that in Section 2.

Complete Opacity: To start, let me define 7 = E[V[z; | 0]7! = a—iﬁm, where 7y denotes
the precision of 6. A simple application of bayes’ rule shows that the posterior distribution of ¢

conditional on x; is beta(a + x4, S+ 1 — x;). Thus,

o+ x; T 7o
l+a+p8 714+ T+ T

B[O ] ;] =
Consider now the deviation from the effective state of the economy, A;, under complete opacity,

A=E[0|z]—0+m—Em|x;]=E[0|x;] —0+&(z—EI[0| 24]) + €m. (20)

Full Disclosure: Suppose that the policy maker instead fully discloses his own information,
and notice that E[V [z |6]] ' = 7. We can then apply bayes’ rule one more time to show that
the posterior distribution of 6 conditional on z; and z also is beta(a + z; + 2z, B+ 2 — x; — 2)

with,

a+x;, +z T T To
E|[6 ; = = ; E |6
[ |$“Z] 24+a+p 27’+7ng+27'+ng+27+7'9
T
— E[6|xi]+27_+7_0(Z—E[Glxi]).

We can now compute the deviation from the effective state of the economy under full disclosure,

-
2T 4+ 79

AL=FE[0| 2 2] —0+en=E[0 | 2] — 6+ (z—=E[0]zi]) + em. (21)

All that is left is to compare (20) and (21) from which the below Proposition follows.

Proposition. Complete opacity with active instrument policy, where ¢ = qu replicates

— T
— 2747y’

the full disclosure outcome under the beta-binomial, affine information structure.

14The decomposition, for example, holds for affine information structures with beta-binomial or gamma-poisson
combinations of prior and likelihood. Other cases are when the observations are negative binomial, gamma or
exponential when assigned natural conjugate priors.
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Appendix D: Alternative Business Cycle Applications

This Appendix discusses the alternative business cycle applications mentioned in the paper.

D.1. An RBC Model of Tax Policy

The model is identical to that from Section 5 with the exception of (@) the timing and information
structure; (b) the set of policy instruments available to the policy maker — in this case, the
economy-wide tax authority; and (¢) that workers and firms here directly observe and learn

from a policy instrument. The model resembles that of Angeletos et al. (2016).1

Timing Structure: I alter the timing structure as follows: I assume that workers are now sent
to each island at the first stage of each period. At that moment, local labor markets open, workers
decide how much labor to supply and firms how much to demand. The local wage adjusts to clear
the market and labor taxes are paid. At this stage, firms and workers have perfect information
about local productivity but imperfect information about the productivity of, and hence demand
from, other islands. After employment and production decisions are made, the economy moves to
the second stage, where all information that was previously dispersed becomes publicly known.
Commodity markets now open and commodity prices adjust to clear them. Firm sales taxes are

here also paid.

Households and Firms: The economy-wide tax authority sets labor income taxes and firm

sales taxes. The household’s budget constraint is therefore now given by,

1 1 1
/ Py Cyudi + Mtd < / Idi + (1 — Toy) / Wit Lipdi + Mtd,l + 1, (22)
0 0 0

where Ty,; denotes the economy-wide labor income tazx. Firm profits by contrast now equal,
iy = (1 — Tst) PyYie — Wit Lig, (23)

where T; denotes the economy-wide sales tax.

Active Tax Policy (and Constant Monetary Policy): The economy-wide tax authority has
access to three separate tools: (i) labor taxes Ty, (ii) sales taxes Ty, and last (iii) the precision
of its disclosure w; about its own beliefs z; about aggregate productivity. In line with the baseline

model and its extensions, I assume that sales and labor income taxes are set in accordance with,
IOg(l - th) = </>th + €wt, log(l - Tst) = ¢O + stzta (24>

where {¢o, dw, ¢s} € R3 and 2z = 0; + €,4.'% The error terms €, and €,; are assumed white

noise normal with precision 7, and 7, and independent of all other random disturbances. Com-

151 also here consider only one level of CES aggregator with elasticity o. This is merely to simplify the exposition
as I do not consider inefficient disturbances within this model.
16Here, ¢o denotes the standard optimal production subsidy.
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munication policy is set as in the baseline model. To make the exposition as simple as possible,
I assume that ¢, = —¢s = ¢ in what follows.'”

Because commodity prices can freely adjust to clear commodity markets, the central bank,
unlike the tax authority, cannot here influence equilibrium outcomes through changes in its
instrument, the money supply M. I therefore, for simplicity, assume that it keeps the money

supply constant and does not disclose any information.

Information Structure: To close the model, I need to specify the information structure.

Similar to the baseline model and its extensions, firms’ and workers’ information sets equal,
Qit = {xiT7 Wr, Yr,y 10g(1 - th)}:j:oo ) (25>

where y; = log(Y:)+€4t and €5¢ ~ WN (0,1/7,) is independent of all other shocks. T hence assume
that firms and workers observe a noisy signal of the economy-wide level of output and use this
signal to estimate demand from other islands.'® Importantly in (25), neither firms nor workers
observe the sales tax at the time of decision making. Labor supply and demand decisions are
therefore partially pre-determined and expected tax policy thus matters for equilibrium outcomes,
even within periods. Unlike the baseline model, however, firms and workers here also observe
and learn about the tax authority’s beliefs from the current setting of a policy instrument, the
income tax. This allows current tax choices to signal the tax authority’s beliefs and hence future
second-stage tax rates. Specifically, the more active the income tax is, that is the larger |@| is,
the more informative the income tax is of the tax authority’s private information, and thus about
the future sales tax. This is similar to the outcome of the quantitative framework used by Melosi

(2016) to study the signaling effects of monetary policy rates.

Equilibrium Characterization: Solving for the labor market equilibrium on island ¢ allows

us to show that the level of output in the economy is pinned down by:

Lemma 1 (D). The equilibrium level of output on island i is determined by,

_ oS

S
Yit = sxit + (1 — <) Eit [ge] + T+

147

(Zt —E; [Zt]) + Ewt s (26)

where ¢ = (1123: > 1 and j; = log (V3)."

Equation (26) closely resembles the decision rule analyzed in Section 5. First, since ¢ > 1,
there are direct strategic interactions between individual island outputs. And second, because
of the noisy income tax, individual island output is noisy; it depends directly on the disturbance

€wt- Both features resemble those we saw firm prices exhibit in Section 5.

" This does not crucially affect our main results. Relaxing the constraint allows the tax authority to better
internalize the learning externality. This, in turn, allows the policy maker to optimally make endogenous public
statistics more informative than that achieved under the optimal policy with the constraint in place. However, all
comparisons to the full disclosure outcome remain the same. Despite the added degree of freedom, the optimal
policy when ¢, # ¢, still does not attain the constrained efficient outcome.

8 The noise in the observation of 9+ can once more be attributed to the statistical error that occurs when island
inhabitants observe only a random sample of other islands outputs (¢f. Lorenzoni, 2010).

19Equation (26), for simplicity, ignores unimportant constant terms (see Proof below).
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Optimal Tax Policy: The tax authority seeks to maximize the ex-ante expected utility of the
representative household by adjusting its three tools: (i) labor taxes, (ii) sales taxes, and last
(#ii) the precision of the signal that it sends about its own beliefs about aggregate productivity.

Conditional on an optimal production subsidy, welfare in the economy equals:

Lemma 2 (D). There exists a function f: Ry — R such that the ex-ante level of welfare equals,
— * 1 * — *
W=F ), A=ElG =yl + Ellya—vi) - @ — vl (27)

where y7, and y; = 0; denote the first-best levels of local and economy-wide output, respectively.

Moreover, W attains its maximum (the first best level) at A = 0 and is strictly decreasing in A.

The social welfare loss function A is identical to that studied in Section 5. Equation (5.2) and
(5.9) can directly be used to re-write (5.11) into (27). Using an identical approach to that applied
in Section 5 to solve for optimal policy, then once more shows that the unique best policy features

complete opacity combined with active instrument policy:

Proposition. The unique optimal policy is complete opacity, 7, — 0, combined with active tax
policy, ¢ = ¢, € (0, 1 +n). The informativeness of economy-wide output, y;, under the optimal

policy is always above that achieved with full disclosure, ki > kg.

Unlike in Section 5, however, the informativeness of the endogenous public signal y; is here
always above that achieved with full disclosure. It holds for all parameter values that kg > kg,
exactly like in the baseline model. Since kf > k¢, we moreover conclude that it is always the
absence of added noise associated with communication policy that causes instrument policy to
dominate. In contrast, instrument policy’s ability to also produce more coordination than that
achieved with full disclosure does not here contribute to its superiority.

The sharpness of the above Proposition is a result of the direct strategic interactions between
islands being conditionally efficient: conditional on the informativeness of output, the equilibrium
degree of coordination between local islands always equals the socially optimal one (see also
Angeletos et al., 2016).?Y Any wedge between the overall equilibrium and the socially optimal
degree of coordination is therefore entirely due to the learning externality, and hence optimally
ky > kg. This business cycle application thus closely resembles the baseline model. In both
cases, the key inefficiency is the learning externality. This, in turn, pushes the policy maker
towards making the endogenous public statistic more informative than what would be achieved
with full disclosure, and to use instrument policy to do so because it avoids the introduction of
added noise to the information structure.

Last, notice how the close similarity to the results from the baseline model occurs despite that
workers and firms here learn from current income tazes about subsequent sales taxes. Although,
the current income tax signals the tax authority’s information, it does not alter that decreases in

¢ increase the informativeness of output, alleviating the consequences of the learning externality.

20Both are, in this case, equal to 1 — ¢ < 0.
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Clearly, the better a signal current income taxes provide of the tax authority’s information (the
lower 7, is, for instance) the less benefit there is to decrease ¢ below the level which replicates
k:g under complete opacity. But so long as the income tax does not perfectly reveal the tax
authority’s information, it is still optimal to rely exclusively on instrument policy since it avoids

the introduction of additional noise.

Proof of Lemma 1(D): The steps used to prove Lemma 1(D) follow those in Angeletos et al
(2016). But I here extend the proof to deal with the explicitly endogenous information structure
as well as the separate labor and sales taxes.’!

The representative firm on island ¢’s problem is to,

maxE, [[I] = Ei[UIJ(DY) (Di?li_WiNiH

st. Yi=X;L;, D=(1-T,)PY~,

(3

where for convenience I have dropped time subscripts and Y = C. The sufficient first order

condition to this problem is,

E; [U/I(DY)} W; = (1 - i) XE; [(1 ~T),) Yi_;Yi_l] . (28)

The worker sent to island ¢ maximizes its contribution to the representative household’s utility.

She therefore supplies labor until,

(1—Ty)E; [U/(Y)] W, = <Y>n (29)

Equating (28) and (29) provides us with,

@ -(-Do-mmsfomin]

To show Lemma 1, and hence characterize island ¢ output, we thus need to derive expressions

for the different terms in (30). To do so, I first conjecture and later verify that,
v =k + kox; + klys + szw + ksw + k4 log (1 — Tw) , (31)

where kj, j ={-, 0,1, 2, 3,4}, y° = 9—1—%@1 denotes the orthogonalized version of y = log (Y')+¢,
and T, = z + %6522 It follows from (31) and (5.2) that Y is log-normal. Using this conjecture

combined with U’(Y) = Y ! and our tax rules from the body of this paper allows us to re-state

2T once more use that if Q ~ LN (u, 02) then E [Q‘S] =E [Q]‘S exp [g (6-1) 02} .

22Indeed, to also account for the possibility of any additional information about the tax authority’s beliefs
besides the observation of the income tax and the tax authority’s own disclosure, I assume that firms and workers
learn from T, instead of log(1 — T), where e, ~ A (O, TS_I) with 75 > 7. As the Proof shows, neither of my
main results are affected by the presence of additional information.
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(30) as,
<n+i>%:H4%LHﬂm+(;—1>E@LHN2—&kD+%, (32)

1

_1
where g =log (Y), H = ¢o + log (1 — %) + ? and 0%, =V [(1 ~-T,)Y, UYU_1:|.
What remains to show is to verify (31) and characterize the coeflicients k;, j = {-, 0, 1, 2, 3, 4}.

Solving island inhabitants’ signal extraction problem yields,

Ty (Tw + 7+ ¢27—s)

E; [0] = wezi+ wyy® + wrly + wew, wy =
i 0] e vy v v ¥ (Tw + ¢27s) (79 + 7 4 Takd + TZ) + 7, (7'9 + T + Tak%)
TxTz

(Tw + 0%75) (To + To + TakE + 72) + 72 (10 + T + Tak3)

Ei[z] = wvpx; +vyy° + vrTy + Vow, Uy =

Combined with (5.2), (32) and the conjecture in (31) this in turn shows that,

1 1/1-0\" _ 1 \ .
<n+a>yz~ = H2< > >V[y}+(a1>k+(1+n)xi+¢[z(vzxi+vyy +vTTw+vww)]

1 - -
+ (U - 1) [k;o (wwxl + wyy® + wrTy, + www) + k1y® + kaTy + ksw + kg log (1 — Tw)} + €,

and hence that,

ko = 1—10) kow, — © 33

0 S+ (1—1b) kow ¢1+7IU (33)
S

ki = (1—9) (ki + kowy) — ¢1 n 77Uy (34)
S

ko = (1—¢) (k2 + kowr) — (bl n UUT (35)
S

- 1-— w) — W
ks = (=) (ko) = 6 (36)
S

ks = (1—¢)ks+ —— 37

L (37)

Eom 0okt g1 vy (38)

- S8 1+n 2 o yi

where ¢ = (fl(ii‘?’;g) This verifies our conjecture in (31), and thus that y* =60 + 1710611'23

The equilibrium described by (33) to (38) is, moreover, unique. Equation (33) implies that
ko solves L (ko) = R (ko), where,

L(ky) = (1+4+n)s [(Tw + 7, + ¢2T5) Takg + (Tw + ¢2T5) (T 4+ T +72) + 72 (19 + Tx)]

R (ko) = o¢bTo7s

+ (L+n)ko [(rw+ 7+ 525275) Taki + (1w + 525275) (To+Ta+7)+7 (104 7)]

But since L (0) > R(0) > 0, R(b) > L (b) > 0 and both L and R are strictly convex, it follows

that there exists a unique solution kg € (0, ¢). Furthermore, since g—,ﬁ) > 0 and L achieves its

231 assume that ¢ € [0, 1+ n]. As I show below, the optimal ¢ will always be within this range.
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minimum at ko = 0 where L (0) > R (0), we can rule out any negative solutions. Finally, since
gkfi > k2 > 0 whenever kg > ¢ shows that there are also no further solutions above ¢. Since
(33) thus has a unique solution, so too does (34) to (38).

O

Proof of Lemma 2(D): See Angeletos et al (2016) and the Appendix to this paper.

The first best full information level of local-island and economy-wide output equal, respectively,?*

yr=cr;+(1—9q)y*, y*=46.
O
Proof of Proposition: I use a similar approach to that applied to the “Noisy, Observable
Instrument” extension in Appendix C.
Step 1: Equilibrium Welfare: Using the expression for the social welfare loss function combined

with (31) and (33) to (37) shows after some straightforward but tedious algebra that,

9+ b7y + Tk (ko — b\’
A =
72 b (39)
9+ Tak2 ko — b 21 1
+ ko — 1 o kj—— -~ k —+ k2 —
Tx b ¢ Tw
where k - is independent of policy.

Step 2 and 3: The Weak Optimality of Opacity: Repeatedly using the equilibrium conditions

(33), (35) and (36) combined with the social welfare loss function in (39) then shows that,

o All partial disclosure policies where ¢P # kg (177") m
x a 0 z

welfare terms by the complete opacity policy ¢° = kg (1?7‘7) Bo + ¢P (1 — B.), where By and

are strictly dominated in

B, denote the projection coefficients of § and z onto F,, = {w — ngw}, respectively.

e Those partial disclosure policies where ¢P = kg in contrast, achieve

(1 0) Tz
To+Te+Takd T2
the same level of welfare loss as any full disclosure policy, which outcome can also be

replicated under complete opacity with ¢° = kg (1770) m

Step 4: The Strict Optimality of Opacity: All that is left to show is that (Z) % ko (1 ") m,
2

. . . . xT a kd z
or equivalently that the optimal kg coefficient differs from k:g =b 79: J;T ((kod)) J;T . To do so,
7o Tz TTa|Fg Tz

consider the social loss function under complete opacity,

A= f(ko)+k¢ + k= (40)

where I have used that k — 0 when 7, — 0 and f is the strictly pseudo-convex function,

f (ko) =

Tp + b7y + Tak] (k:o—b>2+ <79+Tak§kg—b+k _1)2 1
b 0

. =
T2 b Tu Ty

241 here ignore some unimportant constant terms for brevity.
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Similar steps to those from the Proof of Theorem 1 then demonstrate that kj > k:g, where kj 7
denotes the unique value of k¢ that minimizes f.

Suppose now that we start at kg = kf)l, and hence with ¢° = kg (177") m In that
case,

A:f(kg)+0+k27i,

w
since ko = 0 when kg = kg. Consider now an infinitesimal increase in kg from kg to k(. Since

ka > k¢ and f is strictly-pseudo convex, it follows that f (kj) < f (k:g). However, it also implies

that k2 (k) ITS > 0. But since kg = kZ achieves the global minimum for k‘%ﬁ, this latter effect

¢2
is only of second order. By contrast, the former effect is of first order. Hence, we conclude that
* d 0,% 1-0c Tz dko 25
ki > ki and ¢, < ko ( r ) Py where the latter follows from that 36 |kyhd < 0.%°
O

D.2. Known Productivity Levels

The model is identical to that from Section 5 with the exception that firms here always observe
their own island-specific productivity level before setting prices. That is, xit = i € Qi (see

also Section 5.3 and Online Appendiz D.1 for related examples where x;; € Q).

Equilibrium Characterization: Following the same two-step procedure detailed in Section 5

shows after some straightforward-but-tedious derivations that:

Lemma 3 (D). The unique linear equilibrium price that firms on island i € [0, 1] set equals,

pie = Ei [€pi+(1-¢) mt] — (1 = &) mit = Komir + k1Dt + Kowy + K3y, (41)

where py = log (P;) and § = 771(%;717) € (0, 1) determines the extent of strategic complementarity.

The coefficients k1, ko and kg are functions of kg € R and the parameters of the model.

The only difference between Lemma 3(D) and Lemma 2 is that firms now always set prices

after observing their own productivity level; x;; is known to firms on island i.

Optimal Policy: The central bank once more seeks to maximize the ez-ante expected utility
of the representative household (5.11) by adjusting its two levers: (i) the money supply and (i7)
the precision of the signal that it sends about its own beliefs about aggregate productivity. Using

once more the primal approach shows that:

Proposition. The optimal policy when xy € Qi is complete opacity, 17, — 0, combined with

*

active monetary policy, ¢ = ¢y, > 0. The informativeness of the price level, pt, under the

optimal policy is either greater or smaller than that achieved with full disclosure, | kj |§| Ky |-

The combination of complete opacity and active monetary policy is thus once more optimal.

It once more allows the central bank to better trade-off, on the one hand, the use of its own

25The uniqueness of kg follows from an identical argument to that applied to “Noisy, Observable Instrument”

extension. It remains to check that ¢fl’,* < 1+ 7. This, however, follows immediately from k% > k4.
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information versus, on the other hand, the use of firms’ own private information. That firm
private information is here comprised of physical productivity does not matter for our rationale;

it is only of consequence for the precise parameters for which | x} E\ Ky | (see Proof below).

Proof of Lemma 3(D): The steps used to prove Lemma 3(D) follow those used to show Lemma

2. The price that island i € [0, 1] firms set is equal to,

(”+7>+Ei {77(0—1)_4r L+

1+on 1+a77p 1+4+on

Di (m - ﬂfi) )

E+E [Ep+ (1 -8 (m—a)], (42)
I first conjecture and later verify that,
pi = Kk + kox; + K1y° + Ko + K3w, (43)

where k; € R, j = {,0,1,2,3}, y* = 0 + H—loea denotes the orthogonalized version of p =
log (P;) + €4 and m = z + éés.

Solving firms’ signal extraction problem now provides us with,

Tx (Tw + 7.+ ¢27_3)

E;[0] = wex; +wyy® + wpm + wyw, wy =
i 0] e vy " ¥ T (1 + 02T) (Tg—l—Tz—l—TaH%—i-Tz)-i-Tz (7‘9+Tm+7'a/€(2))

TxTz
(Tw + ¢?75) (TG + Tz + Ta“g + Tz) + T2 (7'0 + Tz + Ta”%) '

Ei[2] = ez +0yy° + v+ vw, vy =

Using these expressions in conjunction with (43), (42) and (6.2) then shows that,

o= RSOV - (148

+ E;[€(F + kof + k1y® + ko + k3w) + (1 — &) (m_1 + ¢o + ¢2)],
and hence that,
pi = R+1_?U§V[ﬁ] + (1 =8&) (m-1+¢o) — (1+&) 2 + £ (R + k1y® + kam + K3w)

+ ko (Wexi + wyy® + wymm + wew) + (1 — &) ¢ (Ve + vyy® + VM + VW) .

Thus,
ko = &—1+E&kows + (1 —E)dvy (44)
k1 = Rt +ERowy + (1 — &) gy (45)
Ko = &ha +E&Rown + (1 =) o (46)
kg = &r3+ ERowy + (1 —§) duy (47)
Bo= GRS TV (1) (o1 + o), (19)
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where the uniqueness of kg, and thus of the solution to (44) to (48), follows from a similar argu-
ment to that used to prove Lemma 2.

|

Proof of Proposition: The approach used is identical to that employed in Section 5. I therefore
only provide a sketch of the Proof.

Step 1: Equilibrium Welfare: Using the expression for A combined with Y; = (P;/P)~¢
(43) and (44) to (48) shows after some routine algebra that,

[T+ Takd + 0Tz (1 =€) 9
A= () g (19)
T9+Ta1€% 21 K2 | 21
+ |:1+/€0+(1_£)7_x(/€0+1—§):| 7_Z+(¢> ?54‘ Tw

Step 2 and 3: The Weak Optimality of Opacity: Repeated use of the equilibrium conditions
(44), (46) and (47) combined with the loss function in (49) then shows that:

Tz
To+Te+Ta "‘f% +72

o All partial disclosure policies where ¢P # kg (&%) are strictly dominated

by the complete opacity policy ¢° = kg (é) Bo + ¢ (1 — B), where By and [, denote
the projection coefficients of # and z onto F, = {w - ngw}, respectively, where Qf =

{xlTa pT7 AmTa mr— 1}7-7—00

Tz
To+Tz+Ta Kg‘i’Tz ’

the same level of welfare loss as any full disclosure policy, which outcome can also be

e Those partial disclosure policies where ¢P = kg (é) by contrast, achieve

Tz

replicated under complete opacity with ¢° = kg (5%)

To+Te+Tar3+7: "
Step 4: The Strict Optimality of Opacity: It remains to check when ¢3"""" # kg (é) m,
or equivalently when ng #rd=¢-1 —1—5 Tz . To do so, consider A when 7, — 0,

7'9 +Ta+Ta (no ) +7.

2
A= f (o) + (’fj) Tl

where I have used that n%% — 0 when 7, = 0 and f is the strictly pseudo-convex function,

2
79+Ta/-€%+07'x (1-9) 9 To +Tal-€(2) 1
= 1— 1 — 1— —.
f (ko) < 2(1=¢) (Ro+1 =&+ |14 rot+ G (ot 1-8)| =
Now, consider the unique value of k¢ that minimizes f,
kil = —1+ent Tz Skl (50)

2
2 i To+p(1-¢) ‘rz+2<n0 f) trargyd (1-6)
2

To + Tz + T, (Fv’*’f>
0T 7w Ta{ Mo To+(1-€)rat3 (w57 ) +2rany ! (1)

Tz

An identical line of argument to that used in the “Noisy, Observable Instrument” extension in
Appendiz C, also used in Section 5, then establishes the rest of the Proposition.

|

19



References

ANGELETOS, G.-M., LA’O, J. and IoviNO, L. (2016). Real rigidity, nominal rigidity, and the

social value of information. American Economic Review, 106(1), 200-227.

— and PAVAN, A. (2007). Efficient Use of Information and Social Value of Information. Econo-
metrica, 75 (4), 1103-1142.

BROCKWELL, P. J. and Davis, R. A. (2009). Time series: theory and methods. Springer.
DEGROOT, M. (1970). Optimal Statistical Decisions. New York: McGraw-Hill.

ERricsoN, W. A. (1969). A note on the posterior mean of a population mean. Journal of the
Royal Statistical Society. Series B (Methodological), pp. 332-334.

HeLLwIG, C. (2005). Heterogeneous Information and the Benefits of Public Information Disclo-
sures. UCLA Economics Online Papers 283, UCLA Department of Economics.

—, KoHLs, S. and VELDKAMP, L. (2012). Information choice technologies. The American Eco-
nomic Review, 102 (3), 35-40.

— and VELDKAMP, L. (2009). Knowing what others know: Coordination motives in information
acquisition. The Review of Economic Studies, 76 (1), 223-251.

JAMES, J. G. and LAWLER, P. (2011). Optimal policy intervention and the social value of public
information. The American Economic Review, 101 (4), 1561-1574.

LORENZONI, G. (2010). Optimal monetary policy with uncertain fundamentals and dispersed
information. Review of Economic Studies, 77 (1), 305-338.

MEeLosI, L. (2016). Signalling effects of monetary policy. The Review of Economic Studies,
84 (2), 853-884.

MoORRIS, S. and SHIN, H. S. (2002). Social value of public information. American Economic
Review, 92 (5), 1521-1534.

Vives, X. (2010). Information and Learning in Markets: The Impact of Market Microstructure.

Princeton Univeristy Press.

20



