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Abstract

We study a small open economy in which the exchange rate aggregates private informa-
tion about macro fundamentals, yet imperfectly because of non-fundamental financial
flows. Foreign exchange interventions influence economic conditions via traditional port-
folio balance and novel informational effects. Publicly announced interventions reveal
the central bank’s knowledge about macro fundamentals, while secret interventions alter
the informational content of the exchange rate. When the private sector overreacts to
public information, the optimal policy is to intervene secretly and tolerate some non-
fundamental fluctuations in the exchange rate in order to limit its informativeness. Our

results speak to practical questions about exchange rate policy design.
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Despite a historical consensus favoring freely floating exchange rates, central banks
worldwide frequently intervene in foreign exchange (FX) markets by buying and sell-
ing foreign currencies—a practice traditionally associated with emerging economies and
increasingly common in advanced economies (Adler et al., 2021). A remarkable feature
of these interventions is the wide variation in central banks’ communication practices.
While some central banks transparently announce the timing and size of their inter-
ventions, about two-thirds either do not disclose these activities or reveal them only
after a delay, effectively conducting secret interventions (Patel and Cavallino, 2019).
Despite these facts, leading macroeconomic models remain silent on the informational
dimensions of FX interventions.

This paper develops a micro-founded small open economy model in which agents
learn from both exchange rates and FX interventions. Within this framework, we show
that interventions have markedly different informational effects depending on whether
they are conducted publicly or secretly. We explain how the central bank can leverage
communication as an additional tool for formulating optimal exchange rate policy, and
show that the optimal communication strategy depends on how agents form beliefs.
Our central insight is that when the private sector overreacts to public information,
secret interventions can be optimal.

Our dynamic small open economy exhibits three distinctive features within an oth-
erwise standard framework that includes non-tradable and tradable goods, physical
capital investment, and stochastic productivity. First, international asset markets are
segmented, implying that financial flows directly affect exchange rates as in Gabaix and
Maggiori (2015), Fanelli and Straub (2021), and Itskhoki and Mukhin (2022). Second,
we relax the full-information assumption. Instead, each agent has access to private in-
formation about future productivity—the economy’s fundamental. The exchange rate
serves to aggregate this dispersed private information and acts as a public signal about
productivity. However, this signal is noisy, as noise-trading shocks blur the relationship
between exchange rates and productivity, similar to Bacchetta and Wincoop (2006).
Third, individuals are diagnostic—overreacting to the information from their private
signals, as in Bordalo et al. (2018)—and mistakenly perceive themselves and everyone
else as rational. This means that agents systematically underestimate the response of
others and endogenously overreact to the news contained in the exchange rate. All

three features are supported by empirical evidence in the literature.?

!The implications of international asset market segmentation are consistent with the evidence from
currency demand estimation (e.g., Hau et al., 2010; Pandolfi and Williams, 2019). The notion that



The paper provides three main contributions. First, we formalize the informational
role of the exchange rate, an aspect often emphasized by policymakers and commen-
tators yet largely overlooked in international macroeconomics. In our model, agents
use the exchange rate as a public signal to form their expectations of future productiv-
ity, influencing their external borrowing, consumption, and capital investment. This
channel is distinct from traditional mechanisms of exchange rate transmission, such as
expenditure switching, and its strength hinges on the informational content of the ex-
change rate—the amount of independent information that the exchange rate contains
about future productivity. Because the informational content of the exchange rate is
endogenous, it also depends on the conduct and communication of FX interventions.

Second, we show that FX interventions have radically different macroeconomic
effects depending on whether they are revealed to the public or conducted secretly.
We consider a central bank that observes aggregate financial flows, consistent with
the supervisory role many monetary authorities hold over financial institutions. By
observing financial flows and the exchange rate, the central bank can infer productivity.
Moreover, we assume that the central bank buys and sells foreign bonds according to
a publicly known rule that responds to both noise-trading and productivity shocks.
The central bank can choose the strength of the reaction to either shock as well as
whether to communicate the size of the intervention. If the size of the intervention
is publicly announced, it becomes an additional public signal about the beliefs of the
central bank. Consequently, the intervention assumes a “signaling role,” which expands
the information set of agents, akin to the closed-economy models of Melosi (2017) and
Tang (2015).2 In contrast, if the intervention is not publicly announced, i.e., it is
conducted secretly, the central bank alters the informational content of the exchange
rate through the intervention rule. For example, a rule that leans against noise-trading
shocks makes the exchange rate a better signal about productivity; on the contrary, a
rule that leans against productivity shocks reduces the exchange rate informativeness.

Secret FX interventions, in this sense, can be used to “manage expectations” about

exchange rates partly reflect expectations about a country’s future productivity or macroeconomic
conditions is consistent with the analysis of Engel and West (2005) and the evidence in Chahrour
et al. (2024) and Stavrakeva and Tang (2023). Expectations’ overreaction is well documented in
laboratory experiments (Afrouzi et al., 2023) and surveys. Bordalo et al. (2020) document that
forecasters overreact to news about macro and financial variables, while Candian and De Leo (2023)
show that overreaction explains key properties of exchange rate dynamics.
20ur notion of signaling differs from contexts in which FX interventions signal future changes in
monetary policy (Mussa, 1981), or new target levels for the exchange rate (Bhattacharya and Weller,
1997; Vitale, 1999).



future productivity. However, we stress that the information effects of public and
secret FX interventions exist irrespective of whether the central bank is actively trying
to influence private sector’s expectations.

Third, our normative results show that suboptimal use of public information by
the private sector, which in our model arises due to expectations’ overreaction to news,
can justify the optimal choice of conducting secret FX interventions. To understand
this result, it is useful to highlight that our small open economy features two sources
of inefficiency relative to the first-best allocation with frictionless financial markets
and full-information rational expectations. First, asset market segmentation gives rise
to expected excess currency returns that result in suboptimal external borrowing, as
in Fanelli and Straub (2021) and Itskhoki and Mukhin (2022). Second, dispersed
information entails that agents underreact to productivity shocks, while the cognitive
bias due to diagnostic expectations results in overreaction to new information. Both
of these frictions drive a wedge between the expectations of future productivity and
its actual value. These expectations misalignments are detrimental as they result in
suboptimal consumption and investment for a given level of external borrowing.?

Publicly announced interventions cannot manipulate the informational content of
the exchange rate and therefore their optimal design is aimed exclusively at reducing
suboptimal external borrowing. To do so, the central bank completely offsets ineffi-
cient financial flows due to noise-trading shocks and ensures an efficient level of external
borrowing in response to productivity shock by appropriately buying or selling foreign
currency. While this policy guarantees the efficient amount of external borrowing, it
nevertheless cannot mitigate beliefs overreaction, implying that the ensuing consump-
tion and investment allocations are generally distorted.

In contrast, secret interventions can exploit a novel trade-off between inefficient
external borrowing and expectations’ overreaction by altering the informativeness of
the exchange rate. Intuitively, when the central bank does not announce the size of
its interventions, a policy that dampens the effects of noise-trading shocks makes the
exchange rate more informative about productivity and causes agents to place more
weight on a public signal to which they overreact. On the other hand, mitigating this
overreaction requires tolerating some inefficient noise-driven exchange rate fluctuations

exactly to reduce their informational content.

3As in Gabaix (2020) and most of the behavioral literature, we assume that agents operate under
non-rational beliefs but experience utility as rational agents, and that the central bank is aware of
this feature.



We show that when overreaction due to diagnostic expectations is sufficiently
strong, the central bank optimally chooses to exploit this trade-off through secret
interventions. Under these circumstances, agents effectively place an excessively high
weight on the exchange rate; thus, lowering its informational content reduces, rather
than increases, the volatility of expectational mistakes. In such scenarios, it is indeed
optimal to limit the informativeness of the exchange rate. To achieve this, the central
bank allows some degree of non-fundamental variation in the exchange rate arising
from noise trading, even though it results in suboptimal external borrowing.

Our model reconciles two seemingly conflicting aspects of central banking practices.
On the one hand, surveys of central bankers point to a consensus that FX interven-
tions work primarily by affecting market expectations through a signaling channel.
On the other hand, most central banks conduct secret interventions in the FX mar-
ket. Together, these observations compose a secrecy puzzle (Sarno and Taylor, 2001)
as the signaling channel is generally thought to work through transparent policy an-
nouncements. Our model rationalizes these puzzling observations. Publicly announced
interventions indeed have signaling effects. Yet, because market participants tend to
overreact, it can be desirable in some contexts to conceal interventions, and thus its en-
suing signaling role, to control the amount of information available to the market. The
model thus offers a new interpretation of the widespread practice of “systematic man-
aged floating,” whereby central banks regularly respond to changes in market pressure,
with a portion reflected in the exchange rate and the rest absorbed through changes
in FX reserves (Frankel, 2019).

Relation to the literature This paper contributes to several strands of the litera-
ture in international macroeconomics and information economics.

First, a growing body of work in open-economy models has highlighted motives for
FX interventions, including alleviating intermediaries’ financial constraints (Chang and
Velasco, 2017), counteracting the effects of shocks originating in FX markets (Cavallino,
2019; Itskhoki and Mukhin, 2022; Basu et al., 2023), implementing a desired exchange
rate policy when the interest rate is at the zero lower bound (Amador et al., 2019),
mitigating the distributional effects of exchange rate fluctuations due to consumption
externalities (Fanelli and Straub, 2021), or addressing the effects of production exter-
nalities (Ottonello et al., 2024). This paper contributes to this literature by studying

the informational effects of FX interventions. Information and communication aspects



are important in real-world FX policies, as indicated directly by central bankers in sur-
veys and suggested by the observed opacity surrounding many interventions (Patel and
Cavallino, 2019).* Our contribution is twofold: first, we describe a novel informational
channel of FX policies, which applies irrespective of the rationale behind the interven-
tion; second, we show how optimal exchange rate policy can leverage this informational
channel to address inefficiencies stemming from frictions in belief formation.®

The paper contributes also to the literature on the social value of public infor-
mation. When information is exogenous, more precise public communication can be
detrimental to welfare in the presence of a socially harmful desire to coordinate (Morris
and Shin, 2002) or when economic fluctuations are driven primarily by shocks or other
distortions that make the full-information equilibrium inefficient (Angeletos and Pa-
van, 2007). These conditions may arise, for example, in the presence of markup shocks
(Angeletos et al., 2016), distortionary taxes (Fujiwara and Waki, 2020), nominal rigidi-
ties (Fujiwara and Waki, 2022), and even with supply shocks if they are inefficiently
shared across countries (Candian, 2021). When information is endogenous as in learn-
ing from prices (Grossman, 1976), more public information can be harmful because of
strategic complementarities that make agents overweight public signals (Amador and
Weill, 2010), or correlated expectation errors that are common knowledge (Hassan and
Mertens, 2017). Our paper formalizes a new setting in which public information can be
socially harmful, namely in the presence of extrapolation of endogenous public signals.
It also highlights how opaque balance sheet policies can limit price informativeness.

Finally, we contribute to the literature that studies the effect of macroeconomic
policy and their communication, in related but distinct contexts. Bond and Goldstein
(2015) investigate how uncertain future government intervention affecting a firm’s cash
flows impacts the informativeness of prices. Gaballo and Galli (2022) studies the in-
formational channel of central bank’s asset purchases, but in a closed economy setting
where interventions are always publicly observed. lovino and Sergeyev (2021) study
the effects of central bank’s balance-sheet policies in a model where people form ex-
pectations through an iterative level-k thinking process, also in a closed economy and
without informational frictions. Angeletos and Sastry (2020) delve into the separate

but complementary question of whether policy communications should anchor expec-

“Recent empirical evidence on FX interventions includes Kearns and Rigobon (2005), Kuersteiner et al.
(2018), Fratzscher et al. (2019), Menkhoff et al. (2021), Adler et al. (2021), and Ferreira et al. (2024).

SEarlier theoretical research has employed partial equilibrium models to explore other aspects of FX
interventions such as central bank transparency and credibility about their exchange rate target (Stein,
1989; Bhattacharya and Weller, 1997; Vitale, 1999, 2003).



tations about a policy instrument or the targeted outcome, and how it depends on a
departure from rational expectations. Brunnermeier et al. (2021) study the incentives
of market participants to acquire information when there is uncertainty surrounding
the extent of government intervention in financial markets via asset purchases. Their
government faces a trade-off between reducing price volatility and enhancing price effi-
ciency. In our environment, there is also a tension between reducing (inefficient) price
volatility and improving allocative efficiency but the tension arises because the private
sector processes the information contained in prices incorrectly, rather than because

the intervention by itself introduces noise.%

1 Belief formation in an open economy model

We consider a two-period small open economy model with a tradable sector and non-
tradable sector, and extend it to incorporate two features of interest. First, limited asset
market participation gives rise to a finite elasticity of demand for foreign bonds and,
therefore, a scope for foreign exchange interventions. Second, the economy is affected
by two aggregate shocks that are imperfectly observed by agents in the economy:

productivity shocks and “noise-trading” shocks to the demand for foreign bonds.

1.1 Model setup

The small open economy is populated by private agents and a central bank. Private
agents, that include households, firms, and financiers, are located on a continuum
of atomistic islands, ¢ € [0, 1], as in Lucas (1972). Information is common within
islands but heterogeneous across islands. In particular, on each island, households and
financiers receive the same private noisy signal on next-period productivity of the small
open economy. Agents observe local output and prices as well as the exchange rate,
which serves as a noisy public signal about next-period productivity. Time is discrete

and indexed by ¢ = [0, 1]. Foreign variables are denoted with a star symbol.

6See also Kimbrough (1983, 1984), Chahrour (2014), Paciello and Wiederholt (2014), Angeletos et al.
(2020), Kohlhas (2020), Dévila and Walther (2023), and Morelli and Moretti (2023).



1.1.1 Households and goods markets

The preferences of the representative household of island 7 are described by the following

. Cil—a C,Z'l—a
Eé{ C— } (1)

utility function:

1—0 l1—0

where C" denotes consumption and E} is an expectation operator, non necessarily
rational and conditional on information set in ¢ = 0.

Households have an initial endowment of capital, K} = Ky > 0 and must invest
final goods to accumulate capital for the next period, K!. The capital stock fully

depreciates between periods and is used in the production of tradable goods:
Yro = K", Ypi = AR (2)

Above, A; represents stochastic period-1 productivity that is common across islands.
In each period, the household also receives an endowment of the non-tradable good:
Yyno = (1+aBv)Yn1.” Final goods that are used for consumption and period-1 capital

are composites of tradable and non-tradable goods:

Co+ Ki=G(Yno,Yro):  Ci=G(Ynu, Y1), (3)
_0

where G(Yy,Yr) = [(1 — 7)%YN0571 +7%YT%] """ is homogenous of degrec 1. The
parameter # denotes the elasticity of substitution between tradable and non-tradable
goods in the production of final goods while v governs the share of tradable goods in
the final composite good. In equation (3), Yr}’t represents domestic absorption of the
tradable good, which is the sum of production and imports from the rest of the world
Yi, = Y}f + Yqﬁf . We assume that each island trades with the rest of the world but
not with other islands to avoid information revelation by inter-island interactions.

Since the aggregator G is homogenous of degree 1, we have, in equilibrium:
P/G(Yny,Y},) = Py Yne + SiP,Y (4)

where P} is the island-i price of the composite good, and P}'V,t is the island-i price of the

non-tradable good. S; is the nominal exchange rate, which is common across islands.

"The endowment in period 0 relative to period 1 implies a steady state with B = 0,Q¢ = Q1 = 1 and
Co = Ch.



We assume that the foreign-currency price of tradable goods is constant and equal to
L, ue, Pf,=Pr=1
The price of the tradable good relative to the non-tradable good is given, in equi-

librium, by their marginal rate of transformation:

S 8G(YN¢,Y%¢)/8YT"¢ _( i YN,t>8 (5)
1 .

Pziv,t B 8G<YN¢; Yjé,t)/aYN,t B -7 Yjé,t

Combining this expression with eq. (4) yields the equation determining island-i com-

posite price index:
i i 1-6 _pl1=6
Pi= (=P, T s (6)

Combining these last two equations we obtain the demand function for tradable goods:

S, —(1-0) B
P 7

with x = v(1 — 7)*1719. The household’s budget constraints are:

0
-0
Y’]Z;,t =X YN,ta (7)

PiCi 4+ PIK! + R—l = PiYno+ SOYT;fj’ + T
0

PiC} = By + Py Yn1 + SiYyy +T1.

(8)

The date-0 budget constraint assumes no initial debt and states that the household’s
income from the sale of tradable and non-tradable goods as well as from government
nominal transfers, T;, can be used to buy consumption goods, invest in physical capital,
or save in a domestic nominal bond, B}, whose interest rate is Ry. The date-1 budget
constraint states that all the income of the household is used for consumption.

Implicit in equation (8) is the assumption that the household cannot hold for-
eign bonds (e.g., Gabaix and Maggiori, 2015, Fanelli and Straub, 2021, Itskhoki and
Mukhin, 2021). Limited asset market participation captures the idea that it is difficult
for many households in emerging markets to access international financial instruments
without financial intermediation, especially when borrowing in foreign currency.

Maximizing utility (1) subject to the budget constraints (8) yields the following



optimality conditions:

5ROEZ =1; (9)

(@) (&)

Cz —o Sl am1|
(C’Z) PzAlK ] 1. (10)

Finally, using equations (3) and (4) in the budget constraints (8), island ¢ households’

ozﬁEZ

budget constraints simplifies to:

BZ

R = So(Yiy = Yig) + 15  —Bi=8(Yey —Yiy) +Ti. (11)

where each island households leave no debt at the end of period 1.

1.1.2 Financial market

Financiers from every island trade home and foreign bonds in the small open economy-
wide financial sector. Along with financiers, the government and a set of noise traders

also operate in the financial sector, as we describe next.

Financiers We assume that there are frictions in the financial sector which result in
a downward-sloping demand for currency from financiers. In particular, we follow the
formulation of Fanelli and Straub (2021). In each island a continuum of risk-neutral
financiers owned by the island household trade home and foreign bonds subject to
position limits and heterogeneous participation costs, as in Alvarez et al. (2009).8

In Appendix A.1, we derive the maximization problems of island-i financiers, and

show that it results in the following demand for the foreign currency bond:

D" 1. So
==E,|R;—R 12
=B (R - ), (12)
where the zero-capital portfolio island-i financiers and their carry trade profits are,
respectively:
D: Di* « Dy - Di”
+ S =0 =D = R} .
Ry ORO ’ TS T 1RO

8The assumption that financial intermediaries are owned by the household ensures that profits and

losses from carry trade activity do not represent a net benefit or cost to the small open economy.
Fanelli and Straub (2021) already studied the implications for FX interventions of such “leakages.”
Our novel focus is instead on the informational role of exchange rates and FX interventions.

9



Aggregating across islands, the overall demand of financiers for foreign bonds is:

[Di"di 1 _ So
= —FEy | Ry — Ro= | - 13
RS I 0 0 081 ( )
where FEy(X;) denotes the average expectation of X, across islands, i.e., EgX; =

[ EiX; di.

Financiers’ demand for foreign bonds has a finite (semi-)elasticity to the expected
excess return, implying that changes in the net supply of foreign bonds, e.g., induced
by noise trading or FX interventions, affect the equilibrium exchange rate. The crit-
ical parameter in equation (13) is the inverse demand elasticity [, which governs the
strength of frictions in the international financial market. If [ is large, e.g., due to tight
position limits, intermediation is impeded. In the extreme case where [ — oo inter-
mediation is absent, and the country is in financial autarky. By contrast, when [ —o0,
financiers are not subject to position limits and expected excess currency returns are
driven to zero. Henceforth, we assume I" € (0, c0).

*

. . . Ny N.
Noise traders Noise traders exogenously demand foreign currency 7o Here 7= >0
0

means that noise traders short home-currency bonds to buy foreign-currency bonds.

They also hold a zero-capital portfolio in home and foreign bonds denoted (Ny, N7),

which implies:

N, Ny
s, 2L —o. 14
R0+ "R} (14)

Central bank/Government The economy-wide central bank holds a (F7, F}) bond
portfolio. The value of the portfolio is % + SOII;—{. We assume that the government
0

finances its operations with transfers:

P F / .
s~ [Tia
Ro+ 06 0 <

(15)
0=F +S8F +78 (/ P di +7r{V*) — /Tf di,

i D* . . . . . . .
where 77" is the income from financial transactions of financiers on island 4, defined
* . . . . . o e
above, and 71" is the income from financial transactions of noise traders. In addition,

the central bank ensures stable aggregate price levels, i.e., Py = P, = 1. This implies

Sy
Pt

a real exchange rate of the small open economy Q; = S; in every period.

10



Financial market clearing Since home-currency bond are in zero net supply, mar-

ket clearing implies
/Bidi+N1+/Didz'+F1=0. (16)

Combining the market clearing condition with households and government budget con-
straints, and the portfolios and income from financial transactions of financiers and

noise traders, we obtain the aggregate position of the financiers, in foreign currency:

Di* di , : Fy + Ny
J D di ]%* - / (y;,igf —Y;@) di — ——— ; : (17)
0 0

That is, the aggregate position of financiers equals the portion of households’ bond
demand—originating from the trade imbalance—that is not met by the foreign currency

supplied by the government and noise traders.

1.2 Exchange rate determination

We solve the model using a log-linear approximation around a steady state with A; =
1,N* = F* = 0 and B' = D! = 0, Vi. Lower-case variables denote log-deviation from
steady state of corresponding upper-case variables. In Appendix A.2 we report the
island-level equilibrium, and in Appendix A.3 we derive the equilibrium aggregate real

exchange rate as a function of shocks and expectations thereof:

le

- N+ - ——= FEsa 18
F0w1+w3( T+ 1) 001 (18)

do
where Fj is the average expectation across all islands, I' = fﬂQ(aﬂ)ﬁ, and w; >
0,ws > 0,w3 > 0, and § > 0 are convolutions of parameters independent of I’ defined
in Appendix A.3.

Equation (18) says that, ceteris paribus, the exchange rate appreciates following a
fall in foreign bond demand (by noise traders or by the central bank) or an improvement
in expectations of productivity. Lower foreign bond demand requires financiers to take
a long position on foreign bonds, commanding an expected profit, in proportion to
I'. As a result, the exchange rate appreciates today, so that its expected depreciation

earns financiers an expected return on their long foreign-bond position.”

9For completeness, the exchange rate appreciation also lowers the price of tradable goods, leading to
higher imports and borrowing. The ensuing households’ demand for more domestic bonds alters the
position of financiers and attenuates the equilibrium appreciation of the exchange rate.

11



Higher expected future productivity in the tradable sector implies a reduction in
the future relative price of tradables, i.e. a future exchange rate appreciation. By
uncovered interest parity (UIP), the exchange rate today appreciates. The equilib-
rium appreciation, however, is attenuated relative to UIP due to the effects of higher
expected future productivity on financial flows: households increase imports and bor-
rowing today, prompting financiers to absorb more domestic bonds. As a result, do-
mestic bonds must offer a positive excess return, exerting downward pressure on the

equilibrium exchange rate.

1.3 Information structure

We now consider how expectations are formed and introduce two important assump-

tions: dispersed information and extrapolative expectations.

Priors, private and public signals Households and financiers in each island i €

-1

—1). Moreover,

[0, 1] have a common prior about next-period productivity a; ~ N(0, 3
these agents observe local prices and quantities, in addition to a local signal about the

future realization of productivity a;:
v'=a;+¢€, €~ N0 B, (19)

with fz e di = 0.

We make the following assumptions regarding the observability of aggregates. First,
while agents in each island cannot observe aggregate prices and quantities, they share
the same currency and can therefore observe the aggregate exchange rate qy. The
exchange rate is an important endogenous signal because it carries information about
the average expectation of the common future productivity shock a; as per eq. (18).
Second, agents in each island cannot directly observe the amount of aggregate noise
trading nj. Third, agents may also be able to observe a second endogenous public
signal namely the quantity of FX interventions, f;, depending on the communication
policy adopted by the central bank. Nevertheless, irrespective of such communication
policy we can guess and verify that the public information available to every island ¢

can be summarized by a sufficient statistic

Zlal ~ N(Nzaﬁ);l)'

12



The form of this sufficient statistic will be detailed in each intervention scenario ana-

lyzed below.

Extrapolative expectations Consistent with growing empirical evidence, we con-
sider the possibility that agents do not form beliefs rationally but instead overreact to
news (Bordalo et al., 2020; Broer and Kohlhas, 2022; Afrouzi et al., 2023). To this end,
we build on the Diagnostic Expectations (DE) model, first proposed by Gennaioli and
Shleifer (2010) and widely adopted in the literature (for a review, see Bordalo et al.,
2022). The foundational psychological principle in this model is limited and selective
memory retrieval: in their subjective probability assessments, individuals overweight
event outcomes that are easily recalled because they are ‘representative’ (Kahneman
and Tversky, 1972). In the DE framework, events associated with new information
are more representative, which leads to overreaction to news. Appendix F provides
additional details on the psychological foundation of DE. We make two assumptions
to formalize diagnosticity in our context.

DE1 (Extrapolation of private signal). Agents are diagnostic with respect to
the news contained in their private signals v’: the probability assessment of a; after

observing v’ is

s i i h(a:[v") 1
h®(ar|v") = h(as|v') [m] = (20)

where Z is a normalizing constant, h(a;|v") is the true Bayesian posterior distribution

of a; after observing the signal v’, and h(a;|v’ = 0) is the posterior if the signal re-
h(a1|v?)
h(a1]v*=0)

reflects the representativeness of a;, which is higher if the observed signal raises the

alization were to equal the prior mean, which in this case is zero. The term

probability of that state relative to the case where the news equals the prior. The
parameter 6 > 0 captures the impact of representativeness on judgments (if 6 = 0,
memory is frictionless). The DE framework in equation (20) combined with the as-
sumption of normality leads to a convenient representation: the DE bias does not affect
the subjective posterior variance, which equals the rational one, while the diagnostic
posterior mean equals

E'lar]v’] = (1 + 8)E [a]v'], (21)

where E is the rational expectation operator (Bordalo et al., 2019, 2020). After a
positive (negative) news, the subjective assessment overweights positive (negative) re-

alizations of ay, leading to overreaction.

13



Combining the information of the private signal v* with the prior and and the public

signal z, we can write individual agents’ posterior beliefs as:

(1+06)B,0" + B.2
Bo+ B+ Ba

Eia; = Elay|v', 2] = (22)

Above, 8, + 5. + B, is the overall posterior accuracy, given by the sum of the precisions

of the prior and of the private and public signals. The term is the rational

weight on the private signal v, which is multiplied by (1 4 §) because of assumption
DE1. Finally, &Jrgm is the weight on the public signal, z.

While the existing literature applies diagnosticity only to exogenous information,
we extend DE to endogenous signals such as exchange rates. Because the exchange
rate reflects average beliefs about future productivity, this extension requires specifying
how agents form these “higher-order beliefs.”

DE2 (Misperception about others). We assume that agents are unaware not
only of their own diagnosticity bias, but also of the bias of all the other agents in the

economy. In other words, they perceive themselves and every other agent as rational:
EglBjla]] = E[Ed[an]); V) # . (23)

As a result of this misperception, they interpret endogenous public signals as aggregat-
ing rational beliefs instead of actual beliefs. We elaborate on the implications of this
misperception below.!"

We note that the special case of rational expectations corresponds to § = 0. In this
case, agents not only refrain from extrapolating their private information (E‘[a;[v] =

E'[a;[v]), but also correctly assume that the other agents do not extrapolate either.

1.4 Discussion of assumptions

Before we move on, let us discuss some of the assumptions that we made.
First, we ruled out inter-island interactions other than through a common financial
market. Allowing for further interactions among islands (for example, via inter-island

goods trade) would completely reveal average expectations and, therefore, eliminate

10Bastianello and Fontanier (2022) also study mislearning from prices, but starting from a different
psychologically-founded bias. They consider agents who fail to understand that other agents learn
from prices as well. In our setting, agents understand that other people learn from prices as well, but
fail to internalize that they overreact to private information.
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any marginal informational role of public signals such as exchange rate or interven-
tions. Second, we assumed that there is only one aggregate price that agents observe,
namely the exchange rate, but two economic disturbances, productivity shocks and
noise-trading shocks. This assumption ensures that agents cannot fully back out the
aggregate state of the economy by simply observing the exchange rate. These first two
assumptions parsimoniously capture the idea that economic agents, for various rea-
sons, do not perfectly observe all the variables that are relevant to their decisions but
that they use easily accessible information, such as exchange rates, to improve their
inference about such variables.

Third, we assumed that the small open economy can save in physical capital and
foreign bonds. Capital plays an important role in our model. The exchange rate, by
affecting the relative demand for tradable and non-tradable goods, is a key determi-
nant of the allocation of domestic income between domestic spending (consumption
and capital investment) and external savings. Absent capital, there is a one-to-one
relationship between external saving and current consumption, and that relationship is
entirely governed by the exchange rate. Thus, a policymaker interested in affecting the
path of consumption has no reason to influence expectations if it can directly affect the
exchange rate. The presence of capital ensures that, for a given level of the exchange
rate, expectations are a distinct concern for the policymaker because they determine
the repartition of domestic spending between consumption and investment.

Finally, we have postulated a departure from rationality in the form of diagnostic
expectations extended to a setting with endogenous public signals. Diagnostic expec-
tations are now widely adopted in the literature. An essential aspect of the diagnostic
expectation in equation (20) is the ‘kernel of truth’ property, i.e., the idea that distor-
tions in beliefs stem from incorrect interpretation of true information. This property
has been shown to provide a common explanation to biases in probability assessments
documented in laboratory experiments, including base rate neglect, the conjunction
fallacy, and the disjunction fallacy (Gennaioli and Shleifer, 2010), as well as to real-
world behaviors, such as stereotyping (Bordalo et al., 2016). Furthermore, it has been
used to rationalize the formation of expectations in financial markets (Bordalo et al.,
2018, 2019) and surveys (Bordalo et al., 2020; Candian and De Leo, 2023).

Regarding higher-order beliefs, our assumption DE2 implies that each agent system-
atically underestimates the response of others, similar to Angeletos and Sastry (2020).

This form of higher order belief bias leads to endogenous overreaction to public signals,
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a result we elaborate upon below. While we find the endogenous aspect conceptually
appealing, in Appendix H we show that our substantive results obtain also under the
following alternative formulation of beliefs: (i) a setting without higher-order bias but
in which agents are diagnostic with respect to both private and public signals; (ii)
a Partial Equilibrium Thinking model as in Bastianello and Fontanier (2022), where
agents use private signals optimally, but fail to realize other agents also learn from

prices.

2 Learning and mislearning from the exchange rate

A central feature of our model is that agents learn about the economy’s fundamen-
tals from exchange rate fluctuations. In turn, learning affects their consumption and
investment decisions, which feed back into the exchange rate via the forces that clear
the foreign exchange market described in Section 1.2. To examine this general equi-
librium feedback loop in the cleanest way and to show that this mechanism exists
independently of exchange rate policies, in this section we abstract from interventions
by setting f; = 0. We refer to this economy as the laissez-faire economy and use a

superscript [ where useful.

2.1 Perceived and actual exchange rate process

In the laissez-faire economy the only source of public information is the exchange rate.

Public signals including exchange rates are perceived by private agents to follow a
different process than the actual one because agents fail to realize that others extrapo-
late their private information, a direct consequence of DE2. Despite this difference, in
the log-linearized economy perceived and actual processes for aggregate variables are
both linear functions of aggregate shocks a; and nj. To correctly account for this mis-
perception, throughout we will denote the solution coefficients of perceived and actual
aggregate variables with and without a * notation, respectively.

Our solution approach starts with a guess for the perceived exchange rate process,
which, together with the prior and the private signal, determines markets’ expectations.
Given those expectations we can go back to the perceived version of market clearing
equation (18) and verify that the perceived exchange rate process is consistent with
our guess. Finally, we can use these equilibrium beliefs into the actual market clearing

equation (18) to solve for the actual exchange rate process.
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Accordingly, we begin with a guess for the perceived exchange rate process:
g = Noay + \nt. (24)
Given this perceived process, individuals form posterior beliefs in (22) using the signal:

do R _
Za; = 1 ar & N (ay, (h/31)%8Y) (25)
a
where & introduces the distribution that agents perceive the signal to follow. In this
formulation, z' represents a signal that is perceived to be centered around future pro-
ductivity a; with a error variance of ;1 = (M/it)28 1.
Next, because agents are unaware of others’ extrapolative bias (DE2), they perceive

the market clearing condition (18) to be

r _ .
do =} — = —Efmv', 2], (26)
LOw; + ws [Ow; + ws
where E[a; |07, 2!] = fl Ea, v, 2] di = gz‘fﬁ—% are average rational (instead of diag-

nostic) expectations. Matching coefficients in equations (24) and (26) gives the solution
(Aas An) to the perceived exchange rate process.

Next, guess the following solution for the actual exchange rate process: qo =
M a; + N n%. The solution coefficients are found by substituting the actual average
posterior beliefs given by fol Eia; vt 2Y)di = % and the coefficients (A, \)
in the actual market clearing condition (18). We collect these results in the following

proposition.

Proposition 1. Under the assumed information structure, there exists a unique sym-

metric linear equilibrium. In equilibrium, the exchange rate is perceived to follow:

o w2 51} + ﬂz le ﬁv + 6,2 *
qo - ~ a/l —'I— ~ nl, (27)
N Fle + ws ﬁa + 61) + ﬁzJ I‘@wl + w3 Bv ,
N2
with 3, = A?B, and a unique A} = (%) implicitly defined by:
2 2
A2 = 22 by . 28
) s YERE (28)
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The actual exchange rate process is given by:

=140 a + A\ n. (29)
AL AL
Proof. See Appendix E. n

The role of endogenous extrapolation It is useful to compare the perceived and
actual exchange rate processes to understand the role played by the misperception of
others’ beliefs. From eq. (29), consider the actual, rather than perceived, properties of

public signal that agents use to form their beliefs

Hay = i—? a1 ~ N ((1+ )y, (4/3,)26,1) (30)

a
where ~ introduces the distribution that the signal actually follows.

If 6 = 0, there is no extrapolation and the public signal used by agents is inter-
preted correctly, i.e., eq. (25) coincides with eq. (30). However, § > 0 leads to a
misinterpretation of the endogenous public signal z'.

First, agents fail to internalize that they are using a public signal that is biased.
As agents overreact to their own private signal, the average belief loads more on the
average private signal (equal to a;) by a factor of 1 + 4. Since agents are unaware
of others’ overreaction, a gap emerges between perceived and actual average beliefs:
Ela;[v?, 2] — Elay|[v?, 2'] = —98va1/(8,+8.+6.). As a result, individuals perceive the public
signal, 7.e. the equilibrium exchange rate, to load less on productivity a; than it
actually does. It follows that for any given movement in the exchange rate, agents
mistakenly attribute a larger-than-rational fraction of that movement to fluctuations
in underlying productivity. The end result is that agents endogenously extrapolate the
information about productivity contained in the exchange rate.

Second, the perceived accuracy of the public signal equals the actual accuracy: while
agents misperceive the mean of the public signal, they correctly perceive its accuracy.
This result is due to the particular structure of the diagnosticity bias (Bordalo et al.,
2020).11

To sum up, since agents are unaware that the other agents in the economy are

subject to extrapolative beliefs, they underestimate the covariance between exchange

A belief bias on the perceived accuracy of private signals, e.g. overconfidence, would affect also the
perceived accuracy of the endogenous public signal, as in Broer and Kohlhas (2022).

18



rate and productivity, and thus overreact to its informational content.

2.2 Informational role of the exchange rate

By aggregating private information about aggregate productivity, the exchange rate in
our model plays a novel important role in agents’ expectations formation and decisions.
The strength of this informational role depends on how much weight agents put on the
exchange rate as a signal. The following definition highlights that this weight in turn
depends on how informative the equilibrium exchange rate is relative to private signals

and to the common prior.

Definition 1 (Informational content of the exchange rate). In the laissez-faire econ-

omy, the informational content of the exchange rate corresponds to the Bayesian weight

A?Bn

on public signal: Tr = Bai Bt AZE,

Figure 1 depicts the informational content of the exchange rate for different degrees
of dispersion of private information under an illustrative calibration of the model with
§ = 0. When private information in infinitely precise (02 = ;! = 0), the exchange

v

rate does not carry any additional information, and agents place zero weight on it. At
the other extreme, when private information is infinitely noisy (¢2 = 0o), agents place
no weight on their private signals. Thus, the exchange rate does not aggregate private
information and also receives a zero weight in agents’ posterior beliefs. For intermediate
values of dispersion in private signals, the informational content is positive as the
exchange rate meaningfully aggregates private information about future productivity.

By directly influencing agents’ expectations in these intermediate cases, the ex-
change rate affects macroeconomic outcomes through a novel channel. To see this,
examine the effects of an increase in noise-trading demand for home-currency bonds
when agents learn from the exchange rate (Figure 2b, blue line). In each island, agents
observe an exchange rate appreciation, but do not know whether it stems from an
expected improvement in future productivity (a; 1) or from higher noise-trading de-
mand for home currency (nj |). They confound, at least in part, the effect of the
noise-trading shock on the exchange rate with the effect of higher future productiv-
ity, thereby revising their beliefs about future productivity upward. Higher expected
productivity leads households to increase their consumption and external borrowing,

relative to the no-learning-from-FX case (red line), which further appreciates the ex-
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Figure 1: Informational content of exchange rate under dispersed information

Informational content of the exchange rate
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No learning from FX Baseline

Notes: This figure reports the equilibrium value of the informational content of the exchange rate for
different levels of the noise in private signal, o, under laissez faire, and without belief extrapolation
(6 = 0). The rest of parameters are set according to Table A.1.

change rate.'> The effect is analogous to an exogenous productivity news shock, but
it is due to the endogenous response of the exchange rate to higher home-currency
demand from noise traders. Note that this channel is in place every time agents use
the exchange rate as a public signal, including in response to an increase in future
productivity (see Figure 2a).

We make two related observations. First, the informational channel of the ex-
change rate just described does not rely on expectations’ overreaction, as it operates
even under rational expectations (indeed, § = 0 in Figure 2). Yet, expectations over-
reaction changes the quantitative role of the informational channel. When 6 > 0, the
exchange rate is a biased public signal, resulting in amplified responses to productivity
shocks (as depicted in Figure A.3, where ¢ = 0.5). This feature will turn out to be a
key source of inefficiency that the policymaker considers when optimally choosing FX
policies. Second, learning from the exchange rate blurs the relationship between pro-
ductivity ezpectations and their subsequent realizations: because noise trading affects
the exchange rate by altering the balance sheet of financiers, it also influences agents’

expectations of productivity. This aligns with Chahrour et al.’s (2024) evidence that

12The rational confusion between noise trading and expected productivity improvements amplifies the
equilibrium effects of noise-trading shocks on the exchange rate, as originally highlighted in Bacchetta
and Wincoop (2006), and on macro aggregates, as we emphasize using our fully-specified macro model.
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a substantial portion of the exchange rate variation can be attributed to both cor-

9

rectly anticipated changes in productivity and expectational “noise,” which influences

expectations of productivity but not the actual realization (see Appendix B).

Figure 2: Equilibrium responses to shocks under dispersed information

(a) Response to one-standard deviation productivity shock (a; 1)
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(b) Response to one-standard deviation noise-trading shock (n} )
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Notes: This figure reports the equilibrium response of model variables to productivity and noise-
trading shocks for different levels of the noise in private signal, o,, under laissez faire, and without
belief extrapolation (§ = 0). The rest of parameters are set according to Table A.1.

2.3 Examples of informational role of FX in policy and media

To conclude this section, we provide three recent examples in which the informational
role of the exchange rate is explicitly discussed by policy makers or commentators.
During a recent meeting of African central bank governors, IMF African Department
Director Abebe Aemro Selassie highlights that “The exchange rate in most developing

countries is the most visible and important price in the economy and so helps to anchor
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expectations, facilitate planning, as well as investment, and consumption decisions.”
(Selassie, 2023). This observation aligns with the survey evidence that the nominal
exchange rate receives substantial attention by firms in emerging economies (Delgado
et al., 2024). Recently, after the Euro depreciated following a increase in the ECB
policy rate, Financial Times Markets Editor Katie Martin writes that “The euro’s
latest wobble also forms yet another big signal that investors think Europe’s luck has
run out.” (Martin, 2023). In a recent report to the Bank of International Settlements,
economists at the Central Bank of Korea verbally describe how they think depreciation
pressure on the Korean Won transmit through financial markets, and highlight that
“The depreciation of the won in turn sends negative signals about the Korean economy
and can make banks’ FX funding more difficult again.” (Ryoo et al., 2013).

While anecdotal, these pieces of evidence reveal that the informational role of the
exchange rate is often taken into consideration in the media and policy circles.!® We
formalized this channel in a general equilibrium model, and we now turn to study its

implications for FX interventions and their communication.

3 Foreign exchange interventions

We now introduce the possibility for the central bank to intervene in the foreign ex-

change market by purchasing foreign-currency bonds f;" according to:

ff = Hnni( + /faED[afll (31)

We assume throughout that the intervention form (kg, k,) is known to agents while
the actual quantity of foreign-currency bonds f; purchased by the central bank may
or may not be known, as we detail below.!4

The assumption underlying equation (31) is that the central bank is able to observe
aggregate financial flows, such as nj, and the exchange rate. This idea is consistent with
the fact that many monetary authorities serve supervisory and regulatory roles over

local financial institutions, providing them with information about aggregate patterns

13Gholampour and van Wincoop (2019) use Twitter data to compute a measure of investors’ private
information about the fundamentals driving the Euro-Dollar exchange rate, and use it in a structural
estimation of the dispersed information model of Bacchetta and Wincoop (2006). One of their main
findings is that Twitter data imply a sizable degree of dispersion in private information.

14In Appendix C, we outline the case in which FX interventions follow an exogenous process.
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of bond holdings.'> Observing financial flows, such as n}, and the exchange rate,
the central bank in the model can back out the average expectation Fylai].'® The
assumption that private agents know that the central bank responds to average beliefs
implies that their higher-order belief biases influence their interpretation of the central
bank’s FX interventions as well. It is not necessary to specify whether the central bank
is subject to behavioral biases at this stage. We make explicit assumptions about the
central bank’s beliefs when analyzing optimal FX intervention policy in Section 4.

In our model, FX interventions are allocative for two reasons. As in standard
portfolio-balance models, FX interventions can affect the exchange rate, because they
alter the balance-sheet position of financiers. The novelty of our model is that FX
interventions may alter the information available to agents.

We consider two types of FX intervention communication policy: publicly an-

nounced and secretly conducted FX interventions. We define them below.

Public FX intervention. The central bank communicates the size of the intervention

to the public, and thus f; becomes common knowledge.

Secret FX intervention. The central bank does not reveal the size of the intervention

to the public, and thus f; is unobserved.

3.1 Public foreign exchange interventions

When the central bank communicates the volume of bond purchase f7, the intervention

becomes a public signal about average expectations. To see this, rewrite eq. (31) as:
Kn

T _ =

/ﬁ_ = E()[CLl] + —ny. (32)
Agents can now access two public signals, the exchange rate (26) and the FX inter-
vention (32), which contain independent information about the same two components,

Folai] and n%. As a result, agents are able to perfectly back out average expectations,

15In many emerging economies, in addition, monetary authorities mandate that they report details of
their FX and bond transactions, such as counterparties and amounts, for regulatory purposes.
160ne could alternatively express the FX intervention rule in terms of the actual productivity, f; =

2
Rnnt+FRqa1, with linear mapping between the two sets of parameters, that is &, = k4 (149) %
and K, = kn + nam. However, since agents misperceive the mapping between average

expectation and actual productivity, they also misperceive the mapping between f; and productivity.
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FEyla1]. The sufficient statistic for all the public information about Ey[a;] under public

FX interventions can be formally defined as 2P, which follows:
Play ~ N((1+6)ay, 5;1),  with 3. = o0 (33)

If agents are rational (§ = 0), they correctly understand the expectations mapping
and therefore can perfectly back out productivity from average expectations. If § > 0,
average beliefs exhibit extrapolation (Eyla;] = (1 + 6)a;) and agent misinterpret the
public signal by da, as we explain in Appendix G. Either way, under public communi-
cation, the intervention has a signaling effect that expands agents’ information set by

revealing average expectations.

Proposition 2 (Public FX intervention). Suppose that f; is observable. The actual

exchange rate follows

we — IN'wik, Twq

= —— 1+0)a; + ——(1 + k) nJ. 34
& F@wl +w3( )1 F9W1+W3( ) ! ( )
— ——— —
pY4 pY4

The parameters Kk, and Kk, do not directly affect the accuracy of public information.
However, the combined informational content of the FX intervention and the exchange

rate, summarized by 2P, perfectly reveals the average expectations Eylay].
Proof. See Appendix E. m

By announcing the quantity of bonds purchased, the central bank reveals its infor-
mation set, which, together with knowledge of the exchange rate, fully discloses average
expectations. Consequently, the actual choices of k, and k,, influence equilibrium ex-
change rates and overall allocation solely through a portfolio balance channel. The
only exception is the special case of “exchange rate smoothing.” Formally, fi" = r4qo
is a particular case of the general FX intervention rule (31) where the loadings of f;
on average expectations and noise trading match those of the exchange rate, g, up to
a constant x,. In this case, as f is not independent from the other public signal, g,

and thus it does not convey any additional information.

Discussion Note that the result that public interventions fully reveal average expec-
tations is due to our assumption that the central bank observes and acts on average

beliefs. We make this assumption to simplify the signal extraction problem and the
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exposition. If the central bank had not superior but more generally different infor-
mation with respect to agents, then public interventions would still increase agents’
information set, albeit only partially. Either way, transparent communication about
FX interventions gives the private sector more information about productivity by re-

vealing, at least in part, the central bank’s information.

3.2 Secret foreign exchange interventions

Now consider the case in which the central bank does not reveal the size of FX inter-
ventions.'” Substituting the central bank’s reaction function (31) in the exchange rate

equation (18), one obtains

le

. Wy — leﬁla —
F@Nwl —f- w3

q 14+ kp)n] — —= Eya,. 35
0 ( )n Dhoor & o 01 (35)
Equation (35) already suggests that, when the exchange rate is the only source of
public information, secret FX interventions can alter the informational content of the
exchange rate by changing the equilibrium relationship between the exchange rate and

the two shocks. We formally prove this result in the following proposition.

Proposition 3. (Secret F'X Interventions) Suppose the central bank adopts a secret

FX intervention, i.e., ff = kont + koEoar and ff is not directly observed. Then

Wy — lelfa /BU + Bz le Bv + ﬁz
=22 1+ 8)a; + —————— (1 + k) 2, 36
& F9w1+w3 Ba""ﬂv""ﬁzj( ) ! F6w1+w;3( ) ﬁv . ! ( )
Ts 2
with B, = A2B, and a unique A = (;‘—g) implicitly defined by
A% = <“’2 — Lt )2 B (37)
B le(l + KJn) (60, + /81} + Agﬂn)Q’

Under secret FX interventions, the relative informational content of the exchange rate

and the overall posterior accuracy depend on the intervention rule via eq. (37). A rule

nferring the size of interventions from publicly available data is hard. Central banks publish data
about international reserves only infrequently, and factors such as valuation effects and investment
income flows make international reserves a poor proxy of FX interventions (Adler et al., 2021). We
also note that central banks maintain secrecy around interventions by imposing a confidentiality
requirement on counterparties.
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that strengthens the correlation between the exchange rate and productivity or weakens

its correlation with noise-trading shocks increases the exchange rate informativeness.

Proof. See Appendix E. n

Proposition 3 frames our key positive result. Like in the public intervention case, FX
interventions affects the equilibrium relationship between exchange rate and underlying
shocks. Differently from the public communication case, however, FX interventions are
unobserved and thus alter the informational content of the exchange rate.

Formally, now the public signal sufficient statistics, defined as z*, is only comprised

of exchange rate information, and follows:

2°la; = % ay ~ N((1+8)ay, B;1) (38)
a
where XS, A* and 8, = A,f, follow from equations (36)-(37). Differently from the
public communication case, the precision of this public signal depends on policy via
(36)-(37).

When the exchange rate is more closely tied to future productivity rather than noise-
trading, it becomes a more reliable signal of future productivity. Through appropriate
choice of FX intervention policy coefficients x, and k,, which are known to agents,
the central bank can affect the equilibrium relationship between exchange rate and
productivity, thereby changing its informational content.

Figure 3 displays the equilibrium informational content of the exchange rate for
different configurations of the central bank’s reaction function (k,, k,) under an il-
lustrative calibration of the model. It is useful to highlight a number of interesting
cases. First, secret intervention policy can make the exchange rate perfectly informa-
tive of average expectations if it completely offsets the noise trading variation in the
exchange rate (k, = —1). By doing so, the central banks renders the exchange rate
a perfectly informative signal of average expectations. Second, secret interventions
can lead to an equilibrium in which the exchange rate is uninformative, by completely
eliminating the effect of productivity shocks on the exchange rate (under § = 0, this
requires k, = “2/Tw;). Note that a special case of an uninformative equilibrium ex-
change rate is an exchange rate peg obtained when the secret FX policy enforces a
constant exchange rate. Outside of these two limit cases, there is a spectrum of cases

in which the exchange rate is an imperfect signal of future productivity, consistent with
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Figure 3: Secret FX intervention and the informational context of the exchange rate

Informational content of the exchange rate
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Notes: The figure reports values of the informational content of the exchange rate (Zg) for different
values of the central bank’s reaction function (k,, k,) under secret FX intervention policy, for an
illustrative calibration of the model under rational expectations (that is, 6 = 0). The rest of the
parameters are set according to Table A.1.

a corresponding choice of its reaction function (kq, ky).'8

Note that freely floating (i.e., laissez-faire) is a particular case of imperfectly infor-
mative exchange rate with k, = k, = 0. Under free floating, exchange rate fluctuations
reflect both productivity and noise-trading, and thus their informational content is lim-
ited by the relative amount of noise-trading in exchange rate fluctuations.

Finally, an intervention rule that only depends on the exchange rate, i.e. f; = K4qo,
a form of “exchange rate smoothing,” does not alter its informational content. Intu-
itively, as the intervention depends only on publicly available information, smoothing

is intrinsically a form of public intervention that does convey information that is in-

18Hassan et al. (2022) explore how exchange rate policy influences the riskiness of that country’s cur-
rency, by altering the stochastic properties of the exchange rate, and derive the implications for
optimal exchange rate policy. We also emphasize that FX policy affects the macroeconomic alloca-
tion by altering the stochastic properties of the exchange rate, yet through a distinct, complementary
channel: the informativeness of the exchange rate.
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dependent of the one contained in the exchange rate. Therefore, aside for the limit
case of K, = —oo, which corresponds to a peg, this intervention lies on the same
iso-information curve of the free floating case.

In summary, we emphasize that secret FX interventions uniquely enable a central
bank to “manage” the informativeness of the exchange rate. Next, we examine whether

the central bank may find it preferable to intervene publicly or secretly.

4 Welfare and optimal policies

We now turn to the normative implications of FX interventions when agents learn
from the exchange rate. Section 4.1 introduces the welfare function and describes
the sources of inefficiencies relative to the frictionless allocation. Section 4.2 outlines
the policy problem faced by central banks in their choice of FX intervention size and

communication, and highlights the trade-offs involved in implementing optimal policies.

4.1 Welfare and sources of inefficiency

To characterize optimal policy we need a welfare criterion. Let the welfare of the small
open economy be defined as the household’s expected utility (1) under the objective
(i.e., rational) expectations.'®?" We evaluate welfare by taking a quadratic approxima-
tion of the welfare function around the first-best allocation, that is the allocation that
would arise under Full Information Rational Expectation (FIRE, 6 = 0 and g, = o)

absent any international asset market segmentation (I' = 0).

Welfare function Welfare in deviation from the first best @ =W — W) can be
written as:
W= — [Ql var(q — Go) + Qo var(Eia; — al)} (39)

where 1 > 0 and Q3 > 0 are convolutions of parameters independent of policy, re-

ported in Appendix D.

YEquation (1) is the island-level expected utility, which coincide with aggregate expected utility since
all islands are ex-ante identical.

20This choice follows Gabaix (2020) and most of the behavioral literature, which thinks of behavioral
agents as using heuristics but experiencing utility from consumption like rational agents.
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Equation (39) reveals that there are two margins that are distorted in our small open
economy. First, welfare losses arise from inefficient fluctuations in external borrowing,
reflected in deviations of the island-level relative price of tradable goods from its first
best, g} — Go, that determines domestic absorption. Second, welfare losses arise from
misalignment in expectations of future productivity, that is forecast errors, Eja; — a;.
Misaligned expectations emerge when departing from the FIRE assumption. Under
FIRE, expectations would instead be aligned to future realizations and welfare losses
would solely reflect expected excess currency returns due to intermediation frictions
(as, for example, in Itskhoki and Mukhin, 2022).2!

Misaligned expectations of future productivity are detrimental because they lead
to a suboptimal allocation of the final good into consumption and investment, con-
ditional on a given level of external borrowing.?? Optimistic expectations of future
tradable-sector productivity influence the consumption/investment allocation through
both wealth and substitution effects, primarily shaped by the intertemporal elasticity
of substitution, /o, and the price elasticity of tradables, 6.

Interestingly, wealth and substitution effects cancel each other out when 0 =60 =1
(Cole and Obstfeld, 1991; Corsetti et al., 2008). Under the Cole-Obstfeld calibration,
for given domestic absorption, productivity expectations do not alter the consump-
tion/investment allocation, and thus drop out of the welfare function (i.e., Qo = 0).
Under this knife-edge case, public or secret FX intervention policy can achieve the
first-best allocation by appropriate intervention in the foreign exchange market that
eliminate the external borrowing gap, ¢4 —o. Outside of this knife-edge case, inefficient
fluctuations in external borrowing and forecast errors have independent welfare effects,

giving rise to a non-trivial trade off.

4.2 Optimal foreign exchange interventions

The optimal FX intervention policy is described by the values of (k,, k) in the cen-
tral bank’s reaction function (31) that maximize welfare (39) under either public or
secret interventions. The communication choice, public or secret, effectively consists
in choosing the type of public signal z that agents have access to. Under a public com-

munication, agents access public signal 2P in equation (33); under secret interventions,

21 That is, under FIRE, Efa; —a; = 0 and ¢} — o = ot(ro — Aqr).
22In an alternative model without capital accumulation but with endogenous non-tradable goods, mis-
aligned expectations would imply a suboptimal choice of the sum of tradable and non-tradable goods.
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agents access the public signal 2® in equation (38).

Planner’s problem The central bank’s problem is formally defined as:

—~

max W = — [ var(¢) — @) + Q2 var(Ejar — aq)]
subject to: qé —qo = L2(7’0 — AEéql) — %(Eéal —ay); (40)
w3 W3
Ela, = Ela|v*, 2] = : with z = {2P,2°}; (41
oWl [ 1‘ ] Bv + Bz + Ba { } ( )
f{( = "’iaEOal + Kvn”{a (42)

where Eqay = [ Ejaydi are average expectations, and expected excess (home) currency
returns are:

(TO—AEé(h) = <9~W2E0@1 + ws(ny + fl*)> _(Eé - EO)Ql; (43)

-

(ro—AEoq1)

. P 1—7 PR a(wy —wy)T
with: (EO — E())ql = T |:(EO — Eo)a1 + m

yéwl + ws

(B — Eo)(ni + f7)

A key aspect of the planner’s problem lies in the dual effects of FX interventions.
First, these interventions influence the flows in the foreign exchange market, which
financiers must intermediate, thereby affecting both the equilibrium exchange rate and
expected excess currency returns. These effects depend on the choice of (kg, k) and
operate through standard portfolio balance channels (see, e.g. Gabaix and Maggiori,
2015). Second, interventions have informational effects that vary based on whether they
are publicly announced or conducted in secret, shaping how the private sector forms
expectations. This is a distinctive feature of our model, described in details in Section
3. On the one hand, publicly announced intervention reveal average expectations,
regardless of the specific choice of (kq, k,). Agents rely solely on the public signal,
which is a combination of the exchange rate and the intervention itself, though it
is biased and perceived as infinitely precise, as outlined in Proposition 2. On the
other hand, secret interventions affect the informational content of the exchange rate,
which varies with the specific (k,, k,,) chosen, as outlined in Proposition 3. In this case,

agents combine both private and public signals—the equilibrium exchange rate—based
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on their relative informational content.

Furthermore, welfare can be expressed solely as a function of the choice of policy
coefficients (kq, k), communication format—public (2P) or secret (z*)—and the pre-
cision of the ensuing public signal, denoted by (.. That is, welfare can be expressed
as W(ﬁa, Kn, (), with a closed-form expression for this function provided in Appendix

D.1.2 The planner’s problem can thus be reformulated as follows:

Auxiliary planner’s problem

—

max W(Ha, Kn, 5;;) = — Ql q<ﬁa7 Rn, 6,2) +QQ d(ﬁz) (44)
Ka,skn,Bz %,_/ \,_/
var(gh—qo) var(E{a1—a1)
BZ — 007 lf Z = Zp
subject to: s o 2 e '
(1+#r0)" =52 ( Tor ) Gaihig L2=%

where closed-form expressions for §(Kq, kn, 5.) and a(3,) are provided in Appendiz D.1.

This auxiliary welfare function makes clear that (kg, %,) do not affect the variance
of forecast errors for a given (,. Intuitively, different combinations of (kg, k,) that
deliver the same public signal precision (5, imply the same information structure and
variance of productivity forecast errors. Moreover, the planner’s constraints in the
auxiliary problem capture the distinct informational effects of public and secret inter-
ventions discussed earlier. Public interventions provide an infinitely precise signal of
average productivity expectations, while the precision of the public signal under se-
cret interventions is determined by the sensitivity of the exchange rate to productivity,
which in turn depends on x, and k,,, as established in Proposition 3.

In what follows, we show that it is impossible to eliminate both sources of welfare
loss in (39), and thus attain the first best, except in the specific case of rational expec-
tations where a “divine coincidence” occurs. In the general case, publicly announced
policy cannot use (kq, k) to influence the variance of forecast errors, and thus focuses

its interventions on mitigating inefficient fluctuations in the foreign exchange market.

23The auxiliary welfare function, denoted by W(na, Kn, ), is also influenced by the covariance between
noise trading shocks and the noise in the public signal. Under secret and public communication
regimes, this covariance term can be expressed as a distinct function of (kq, kn, 8,). We thus write

the welfare function as W(/{a, Kn, B2), with a slight abuse of notation.
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In contrast, secret interventions can leverage the informational content of the exchange
rate to balance the trade-off between inefficient fluctuations in external borrowing and
productivity forecast errors (that imply misallocations of consumption and investment).

We first characterize the optimal choice of publicly announced FX interventions.

Proposition 4. Under publicly announced interventions, the optimal policy is charac-

terized by .
[0%)) Qle — 5(4)3

y _1. p__ _ 4 .
i ’ a w3 Fw1(1 + 5)
At the optimum:
) ) 52 . 52
var(g — @) = 0 var(Bpn —ar) = 5= 20, W=~y <0,
Proof. See Appendix E. 0

When interventions are publicly announced, the actual choice of policy parameters
ke and k, does not influence the accuracy of public information, or expectations more
generally, but only the flows in the FX market. For this reason, under optimal public
communication the central bank completely offsets noise-trading fluctuations in ex-
change rates (i.e., k? = —1). Likewise, the response to productivity shocks, governed
by k7, eliminates inefficient fluctuations in external borrowing: expected excess cur-
rency returns optimally counteract the effects of misaligned expectations on external
borrowing, as per equation (40). At the optimum, however, because average pro-
ductivity expectations remain misaligned, the allocation of domestic absorption into
consumption and investment is distorted and results in a welfare loss.?*

We now turn to examining the welfare properties of secretly conducted FX inter-
ventions. A full analytical characterization of the optimal secret intervention policy
is made difficult by the fact that now the policy parameters also influence the infor-
mativeness of the exchange rate, and thus the properties of productivity expectations.
Nevertheless, we analytically establish a number of important results. To this end, we

break down the problem of optimal secret interventions in two steps:

Two-step approach (Secret foreign exchange interventions)

24 As outlined above, the 0 = # = 1 calibration represents the exception since misaligned productivity
expectations do not have independent welfare effects.
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Step 1. Choose (Kq, ky) to mazimize welfare W(/ﬁa, K, 3:) subject to 3, = 3. and

2 _ _
(14 kK,)? = g—" (W}Fﬁl’%) 3 +§3+B 7z Define (k3(B.), k5(B,)) as the solution to

this step of the problem.

Step 2. Choose (3. to mazimize welfare W(/@Z(BZ), k5(B.), B). Define B5 as the
solution to this step of the problem.

Because (kq, ) do not affect the variance of productivity forecast errors for a given
3. = B., in the first step the planner effectively chooses the combination of (kg, £, ) that
minimizes inefficient fluctuations in external borrowing subject to maintaining a given
informational content of the exchange rate. In the second step of the problem, the
planner then optimizes over the informational content of the exchange rate, 5,. The
second step is what distinguishes the secret intervention from the public intervention.
As established in Proposition 3, secret conduct of FX interventions allows the planner to
leverage the informational content of the exchange rate and thus influence the variance
of productivity forecast errors, effectively altering the agents’ information structure.
The next proposition analytically establishes that, under certain conditions, secret

policy can achieve a superior allocation than public policy.

Proposition 5. Secret policy can always attain the level of welfare of the optimal public
policy.

In addition, if 6 > 5, where & is defined in Appendiz E, optimal secret FX inter-
vention policy attains a higher level of welfare than optimal public intervention policy.

The optimum can be attained with:

wy OTw) — dwz  wy (Féwl + ws) Bal(1+0)265 — (By + 53)]

)= T T (1 +0) e Tan(110) (ut (L + 0BGt ) ()
sipey o wa(TOwy + wy) (14 0)B283, B
I-in(ﬁz) —:gl_/‘i' lew;), (@1 T (1 + 5)252)(@) + 52) \/;5 (46)
and 37 solves
OW (13 (3), K3(52), B) O d(var(Ejar — a))/0;
05" =0 = 0, T ot —anjop: 0
Proof. See Appendix E. m
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Figure 4: Outcomes under optimal policies
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Notes: The figure reports values of different variables under optimal FX intervention policies for
different levels of belief extrapolation (§). The rest of parameters are set according to Table A.1.

Proposition 5 provides several key insights, which we will now explore in more
detail, while Figure 4 aids in visualizing the characteristics of both the optimal secret
and public intervention policies under an illustrative calibration of the model.

A first insight of Proposition 5 is that secret FX intervention policy can always
implement the allocation of the optimal public FX intervention policy. It can do so
by setting k, = k£ and k, = kP, where (kP,kP) are the policy coefficients chosen
by the planner under public communication (see Proposition 4). By fully eliminating
noise-trading fluctuations (x,, = x? = —1), the equilibrium exchange rate reflects only
productivity, regardless of whether agents observe the quantity of bonds purchased by
the central bank (8, = o0). In turn, by setting k, = k2, the secret policy can also
replicate its overall allocation, and thus attain the same level of welfare.

The key insight of Proposition 5 is that a secret FX intervention policy can yield a
higherlevel of welfare compared to the optimal public FX intervention policy. Addition-
ally, Proposition 5 makes clear that the policy maker achieves a superior allocation over

public policy only if the degree of overreaction is sufficiently strong. To understand this
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result, we introduce the following proposition, establishing that, when overreaction is
sufficiently strong, the policy maker can reduce inefficient fluctuations in productivity

expectations by making the exchange rate less informative.

Proposition 6. If§ < 6 then %;ZLM) < 0. Ifinstead 6 > 0, var(Eja—ay) is non-
monotonic in 3,. It reaches its minimum at 3. = (Ba+5,) 11__225((11155)) and 8var(]géﬁ‘:1_a1)

for 3, € (Bz, 00).

Proof. See Appendix E. O

<0

Recall that in our model expectations are imperfect due to both noisy private signals
and to extrapolative beliefs. These frictions lead to underreaction and overreaction,
respectively. When extrapolation is low, the marginal benefit of higher coordination
on a public signal (even if biased) is always greater than the cost of beliefs being more
anchored to the prior or dispersed due to idiosyncratic noise. When extrapolation
is stronger this is no longer the case. Minimizing the variance of the forecast errors
requires balancing the (now higher) costs of extrapolative beliefs with the benefits of
moving expectations away from the prior and from noisy private signal. This optimal
balance is achieved at a finite Bz For levels of public signal precision above this value,
lowering the informational content of the public signal reduces, rather than increases,
the variance of productivity forecast errors. Our paper formalizes thus a new setting in
which public information can be socially harmful, namely in presence of extrapolation
of endogenous public signals.?®

Recall now the two-step auxiliary problem, whereby the planner first chooses (kq, )
for given 8, = B, and then it optimizes over §,. For any given information structure
encoded in f3., we learnt that eliminating inefficient fluctuations in external borrowing
maximizes allocative efficiency. Yet, when overreaction is sufficiently strong, optimal
secret policy deviates from this benchmark: it trades-off less allocative efficiency, or
more inefficient external borrowing, for the sake of limiting the amount of mis-learning
through exchange rate. Optimal policy thus chooses the informativeness of the ex-
change rate such that the welfare benefit of making the exchange rate marginally less

informative (thus taming overreaction) exactly equals its marginal welfare cost, i.e.,

%5 The threshold § ~ 0.35 above which more information increases the variance of forecast errors is below
the empirical estimates of §. Estimates from forecast data are 0.91 for credit spreads (Bordalo et al.,
2018), 1.22 for stock prices (Bordalo et al., 2019) and 0.53 on average for several macroeconomic and
financial variables (Bordalo et al., 2020). Estimates from macroeconomic models range from around
0.75 (L’Huillier et al., 2024; Na and Yoo, 2024) to around 2 (Bianchi et al., 2024).
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the cost of inefficient external borrowing. We stress that only the policymaker that
conducts secret interventions can exploit this trade off, and thus achieve a higher level

of welfare than the public intervention policy.

Discussion An interesting implication of our analysis is that whether exchange rates
reflect the economy’s fundamental or noise is an equilibrium outcome that depends on
the design and communication of FX interventions. In our model, if public interventions
are optimally designed, they should, ceteris paribus, result in an exchange rate that is
closely tied to future economic conditions. In contrast, optimally secret interventions
can lead to an exchange rate that is partly influenced by noise trading. Letting some
degree of noise trading is the mean to reduce the informational content of the exchange
rate. Thus, contrary to models solved under FIRE (see, for example, Itskhoki and
Mukhin, 2022), eliminating noise-trading fluctuations is not always optimal.

Importantly, even though optimal secret interventions preserve some noise-trading
fluctuations into the exchange rate, the resulting exchange rate volatility need not be
higher than under the public communication policy. A less informative exchange rate
mitigates the impact of expectations overreaction, which can reduce the overall volatil-
ity of macroeconomic aggregates and exchange rates due to productivity shocks.?6

Finally, both secret and public optimal FX intervention policies involve intervening
against inflows in the FX market to some extent, aligning with the empirical observa-
tion of “systematic managed floating.” This practice sees central banks consistently
responding to changes in total market pressure, with part of the adjustment reflected
in the exchange rate and the remainder absorbed through changes in foreign exchange
reserves (Frankel, 2019).

5 Conclusions

The debate on foreign exchange interventions presents two seemingly conflicting fea-
tures. The consensus view among policymakers—as shown in surveys of central bankers—
suggests that FX interventions primarily influence markets by shaping expectations
through a signaling channel (Patel and Cavallino, 2019). At the same time, somewhat

paradoxically, most intervention activities in the FX market have historically been, and

26Under the calibration in Table A.1, the optimal secret intervention policy results in lower exchange
rate volatility compared to the optimal public intervention policy.
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continue to be, largely secret. This paper demonstrates that these observations can co-
exist without contradiction. Our formal analysis is based on two intuitive premises: (i)
exchange rates serve an informational role by aggregating beliefs about economic fun-
damentals, and their informational content is influenced by how exchange rate policy is
conducted; and (ii) households and financial market participants tend to overreact to
news embedded in exchange rate movements. Together, these elements make exchange
rate policy a complex task with non-trivial trade-offs. In particular, the tendency for
expectations to overreact naturally implies that central banks should exercise caution
in using publicly announced interventions—precisely because of their signaling effects.
In addition, it may be optimal for the central bank to influence the weight that the pri-
vate sector places on exchange rate information by secretly intervening in the market,

and preserving some amount of noise in exchange rate fluctuations.
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Appendix

A Derivations of the small open economy model

A.1 Financiers’ demand for foreign currency bonds

We follow Fanelli and Straub (2021) and assume that there exists a continuum of risk-

neutral financiers, labeled by j € [0,00), in each island i. Financiers also hold a zero-
i 1.di,"). Financier’s investment

decisions are subject to two important restrictions. First, each intermediary is subject

capital portfolio in home and foreign bonds denoted (

to a net open position limit of size D > 0. Second, intermediaries face heterogeneous
participation costs, as in Alvarez et al. (2009). In particular, each intermediary j active
in the foreign bond market at time ¢ is obliged to pay a participation cost of exactly j
per unit of foreign currency invested.?”
Putting these ingredients together, intermediary j on island 7 chooses d;'-’l* that
solves
di |
max -2 F! <I:Z*) — =
% * 0 1 J

dt
%% 6[_D7D] 0

where fi{ = Ry — Rog—f is the return on one foreign-currency unit holding expressed in
foreign currency and Ej is the same expectation operator as the island-¢ household’s.

Intermediary j’s expected cash flow conditional on investing is D ’Eé (fx’{)’ while
participation costs are jD. Thus, investing is optimal for all intermediaries j € [0, j],
with the marginal active intermediary j given by j = ‘Eé (éf) ’ The aggregate

investment volume is then

D" - (5
RIE‘) :jDSign{Eé <R1 )}

Defining I' = D! and substituting out j, we obtain the total demand for foreign-

currency bonds on island i, D" = [ df,"dj:

D" 1. So
=<E,| R — Ro—= | . Al
= 2B (R - R (A1)

2TWe also assume that participation costs constitute transfers to households in the home island economy.
Thus, no extra cost terms enter the household’s budget constraint.
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which is equation (12) in the text.

A.2 Island equilibrium

The log-linearized version of the household’s optimality conditions (7), (9), and (10)

are.:
o(Eyc; — ) = ro — (Eipi — pp),
(1 —a)ki = Ej(s1 — p}) + Egar — 1o + (Eipt — pp),

Island-i budget in (11) can be combined and loglinearized as:*®

1+¢ ; i i
—Yro = a1 +ak] —yr,

B

where ¢ = Sary. The final good aggregator in (3) yields:

1 0
116° 119

The log-linear optimality condition of financiers (13):

co +

k:i = Wyz;r,o Ci = ’Y?/Z;r,l-

F/dll* di:Eosl—So—(To—T8>

where di* = 21 and D =T V5 - 3
I = T,1 :

Finally, bond market clearing, (17) implies:

ix . 1+ ¢ i . N N
/dl d@:_T yT,odZ_nl_fl

(A.8)

We also normalize the average price of the consumption basket, such that [ p} di =

0, for t = [0, 1]. This implies that the aggregate real exchange rate equals the nominal

exchange rate, that is:

qt = St

28The log-linearized budget constraint is not affected by the size of the tax on financiers and noise
traders’ carry-trade profits are taxed, nor on how they are distributed across islands, as these represent

second-order terms.
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A.3 Equilibrium exchange rate

Consider the following set of island-: equilibrium equations:

i I—7v

. 1— .
S1—p1 = T f)/y%“,l (A.10)
ro — (Egpy — po) = 07 Egyry — (07) (1 + @)y + ok (A.11)

1+9) , i
(Gl 3 >yT70 = a1 +aky —yp, (A.12)
ki = i-%@rﬂ®+—%—%m— i (ro — (Egph — pj)) (A.13)
11—« 1—a 11—«

where egs. (A.9) and (A.9) represent island-i’s demand for tradables in period 0 and
1, respectively (c.f. (A.4)); eq. (A.11) is obtained by combining the Euler equation
and island-i resource constraint and (cf. (A.2) and (A.6)); eq (A.12) is island-i budget
constraint (cf. (A.5)); (A.13) is island-i’s demand for capital (c.f. (A.3))

Using egs. (A.9)-(A.13), one can express island-i price level and tradable demand

as:
; W . w .
ph = 50— — (ro — (Eisy — s0)) + — Egay (A.14)
w3 w3
i 0 w i 0 wy
Yro = 1w (ro — (Ejs1 — so)) + mw_ganl (A.15)

where wy; > 0,ws > 0,ws > 0 are all convolution of parameters:

wi =[loay(1+B8)+(1—a)d+(1—7)a]  w=[1-7)+0cv0(1+ap)] (A.16)

= (1 —a)(1+ 9)
T Bl

Sum (A.14) across islands and use [p] di = 0, for ¢ = [0,1], to express the small

[0v0(1+B)+ (1 =) +boay(1+8)+ (1 —a)f+ (1 — )

open economy (real and nominal) exchange rate as a function of average-expected

excess currency returns and average-expected productivity:

w _ Wo —
qo = So = “1 (7”0 — (E(]Sl — 80)) — —2an1 (Al?)
w3 w3
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Consider now the modified UIP condition for the small open economy bond, along

with the market clearing condition in the financial market:

_ 1 .
ro = Eosi—so—T (/ dr di> w/ dy = —n{—fl*—h;Tgb) /yzﬂo di, (A.18)

and note that, by using (A.15):
i . 0 w1 h
yT,O di = —:w—s (7“0 — (E()Sl - 80)) + mw—Sanl (Alg)

Using (A.18) and (A.19), one can express the average expectation of aggregate

excess home-currency returns as:

— . FéWz E F(,U3

a —(ny + ff A.20
F@wl + w3 F@wl + w3 ( ! fl ) ( )

where 6 = (ngfz))e > 0. Use (A.20) in (A.17), we obtain the aggregate real exchange
rate:
) - 2 E (A21)
=5=————(n — ———Fyay, .
@ 0 F0w1 + w3 ! ! Fle —f- W3 0T

which is eq. (18) in the paper.

A.3.1 Expression for Eiq — Eyq

It is useful to express Eiq1 — Foqi as a function of shocks and expectations thereof.
First recall that:

oo L Kﬂ - 1) (ro — (Ejsy — s0)) — (ﬂ - 1) Eéal} (A.22)

1l—« w3 Ws
7 1 + ¢ i
Yri = a1 + aky — TyT,O (A.23)
i 0 w1 i W2 i
Yro = —m L}—g (7“0 — (Egs1 — 80)) - w—gEom} (A.24)
i =7,
S1—P1 = TZ/T,1 (A.25)
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Use equations (A.22)-(A.25):

, 1-— 1-— o w 1+ow X
51—p§:—7a1+ |:—7 <—1—1> +—¢—1:| (TQ—(Eésl—SQ))+

0 0 1—a \ws b ws
l—v « Wa l+owr|
[—9 T— o (w_g 1) + —5 W—J 001 (A.26)

1— 1— « w 1+ow _
@ =51 = 97a1+{771—a(w_;_1>+7¢w_j (TO—(Eosl—So))+
l—7v « Wy 1+ ow| =
— | — — -1 —— | E A2
|: 9 1-&(@)3 )+ B w3:| 0a1 ( 7)

0 0 1—a« w1
I e Y ) W B e oY
0 1—a \w; B ws] wi

Thus:

; . 1- ; - -7 « Wy — w Lo =
Eyqi —Eoqy = TV(Eéal—Eocn)-i- [ 7 1 T a < lw 2)} (Ey—Eo)Eolar] (A.28)
- 1

B On exchange rates and fundamentals

What fraction of exchange rate fluctuations reflects productivity—the economy’s fundamental—
relative to independent noise trading? It turns out that the answer to this question is
subtle in our model when agents learn from the exchange rate. When the exchange rate
is a public signal, noise-trading shock become the noise in the public signal, blurring
the relationship between expectations of productivity and their subsequent realization
(Bacchetta and Wincoop, 2006): noise trading affects the exchange rate by altering the
balance sheet position of financiers, and, through the exchange rate, influences agents’
expectations of productivity. As evident from the left panel of Figure A.1, whenever

information is dispersed (o, € (0,00)) and thus agents learn from the exchange rate,
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only a fraction of fluctuations in productivity expectations reflects subsequent produc-
tivity realizations. Accordingly, the share of exchange rate fluctuations reflecting future
realized productivity represents a lower bound on the overall effect of productivity ex-
pectations on the exchange rate (right panel of Figure A.1).

Chahrour et al. (2024) investigates the sources of fluctuations in the USD ex-
change rate. It reveals that a substantial portion of the exchange rate variation can
be attributed to both correctly anticipated changes in productivity and expectational
“noise,” which influences expectations of productivity but not the actual realization.
Our model aligns well with these findings, provided that information is dispersed, and
thus agents learn from exchange rates, offering novel insights into the relationship

between exchange rates and macroeconomic fundamentals.
Figure A.1: Variance decomposition under dispersed information

Share of a; in Var(E(a;)) Share of a; in Var(qp)

0.8
0.6
0.4
0.2
0
2 4 6 8 10 2 4 6 8 10
Std. dev. of private signal (o) Std. dev. of private signal (o)

Notes: This figure reports the decomposition of the exchange rate variation (left panel) and produc-
tivity expectations (right panel) for different levels of the noise in private signal, o, under laissez
faire, and without extrapolative beliefs (§ = 0). The rest of parameters are set according to Table
Al

C Exogenous foreign exchange interventions

In this Appendix, we outline the case in which FX interventions is completely ex-
ogenous, i.e., fi = el with e/ ~ N(0,4:!). Under exogenous interventions, the

equilibrium exchange rate follows:

. le
Féwl + ws

%)

* f* n
ny +ey ) — ——— Fyay, A.29
o (n+e7) T, . 0a1 ( )
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highlighting that exogenous FX interventions are an additional shock to the foreign

exchange market.

Publicly announced exogenous FX interventions Let us first consider the case
in which agents are able to observe the aggregate volume of the FX intervention, 51*.

Guess a linear solution for the perceived exchange rate process:

l'wy
o= ———"— —i—/\pa +)\pn , A.30
0 T0w; + wy i ' ! ( )
where [ = 51 . Define ¢p = qo— mw +w /7, as the equilibrium exchange after the effect

of the FX intervention is “partialed out.” Agents use the exchange rate as signal

A~

_ 9 p _
’Zp‘al = 5\_]; a1 NN(ahﬁz 1)

(AP)? = (;;‘)g the same as in the laissez-

with a error variance of 5! =
faire economy.

Since the intervention is public, agents can partial it out from the exchange rate
when they solve their signal extraction problem. It follows that the intervention does
not affect the informational content of the exchange rate. Moreover, since the in-
tervention is random, it only adds non-fundamental variation to the exchange rate.

Substituting the actual average belief in (A.29), one gets the actual exchange rate

Iw - -
Go=——"—f+ 1+ Nay + A\n],
F9w1 + w3 I ) !
Secretly conducted exogenous FX interventions Consider now the case in
which the central bank does not reveal the aggregate volume of the FX intervention.
Notice that the intervention s{ " and nj are both unobservable exogenous shocks to the

exchange rate (A.29). Guess a linear solution for the perceived exchange rate process
= Nay + X(nf + 7). (A.31)
Agents use the exchange rate as signal

2’lay = % a; X N(ay, 371 (A.32)

a
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with a error variance of 3,1 = ([\1)2 (81 + B7Y) with (A*)? = % Since the FX

intervention is unobserved, it increases non-fundamental volatility of the exchange rate

analogously to noise trading, and therefore decreases the informational content of the
exchange rate Zpy.

One can show that, when implemented secretly, FX interventions have an informa-
tional effect. In particular, secret exogenous FX interventions alter agents’ expectations
of productivity by reducing the informativeness of the exchange rate. Substituting the

actual average belief in (A.29), one gets the actual exchange rate

g = (1+ 6)5\2(11 + S\fl(n{ + 5f*).

D Welfare criterion

We evaluate welfare using an utilitarian criterion. Since all islands are ex-ante identical,

we can simply maximize the welfare of an individual island i:

C(i)l—o Ci‘l—a
1_U+ﬁ<1_a : (A.33)

We consider a second-order approximation of the above welfare function around the

W=E

steady state:?”
W = C'E {[éa 5= )@+ Bl + 51 - o—><ei>2]}+t.z'.p.+o<||f||3>, (A.34)

where hatted variables are expressed in log-deviations from steady state, t.i.p. stands
for terms independent of policy, and O(||¢][?) denotes terms that are of third or higher

order. Utility is maximized when consumption takes on its efficient values
— _ 1 L _ 1 L
W~E|[c+ 5(1 —0)¢y] + pler + 5(1 —0)c¢] (A.35)

where barred variables are log-deviations from the steady state in the efficient allocation
(which is the same for every island). In general, this maximum may not be attainable.

To lighten notation we drop the i subscript in the following derivations. Take the

29The steady state coincides with the steady state of the frictionless economy, meaning with no inter-
mediation frictions I' = 0 and with perfect information Eja; = a1
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second-order approximation of the resource constraint at period 1 (eq. (3)):

S . 1 X
c1 + EC% =YYt + 5%(7 + 0 — 1)y%71 (A36)

Take the square of equation (A.36), while keeping only terms that are at most of order
2:
C% = 729%,1 (A.37)

Take the second-order approximation of the resource constraint at period 0 (eq. (3)):

R 1, ~ 1. R 1 R
Co + 563 + ¢(k1 + 5’%) =1+ )vhro+ 51+ 0)5(v+0 - )it (A.38)

=2

Take the square of equation (A.38), while keeping only terms that are at most of order
2:

G = ¢°ki + (L4 6)"*10 — 2v(1 + &) Phgro (A.39)
Take the second-order approximation of the intertemporal budget constraint and the

tradable-sector production function (equations (2) and (11)):

. 1. 1 . 1. . - 1 A e
Yra + 5?;%1 = —E(l + ¢) (yT,o + E?J:Qr’,o) + (Ch + ki + B (CYQk‘% + 2aa,1ky + a%))
(A.40)
Take the square of equation (A.40), while keeping only terms that are at most of order
2:

. 1 . . N 1 L 1 o oA
y%l = §(1+¢)2y%0+a%+042k‘%—25(1+¢)yT,0a1—25(14-(?)04/@0/{:1 +2aarky (A.41)

Combine (A.36) with (A.37):

R . 1 0—1,

C1 = YYra + 57(1 - ’V)Tl/%,l (A.42)
Combine (A.38) with (A.39):
) ) 1 1 -1 . -
Co = 7(1+¢)ZJT,0—¢]€1—§¢(1+¢)k1+§(1+¢)7 (1- V)T — 79| U107 (1+0)Pk1gr0-

(A.43)
Multiply (A.42) by 8 and substitute yr; from eq. (A.40) as well as Q%’l from equation
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(A.41) to get:

. . . - - P 1+9) .
Bér = —y(1+ ¢)ir,0 + vBar + yabky + % {042kf + 201 ky + aF — ( 5 ?) y%,o}
1 f—1 1 2~2 ~2 27.2 1 PN 1 S P
+ 557 (1- 7)79 -1 @(1 +¢)° 07,0+ a1 +a'ky — 25(1 + @)Jr0a1 — 25(1 + ¢)agrokr + 20a1ky

(A.44)

Summing (A.43) and (A.44) one obtains:

. . . B . 1 - 1.
Co + By =yPar + 77(1 +x)a; — §¢(1 +¢—a(l+ X))k} + 593/%,0

+o(1 + X)&1]%1 — (L4 @)Jrotn + (1 + ¢) (o — XOé)ifll)T,o (A.45)

where Q = (1 + ¢) [X<1+1%’5)—’y¢] and x = [(1 - )% —1].

2.2

Now recognize that for any variable & = # +Z we have 22 = 724 277 + 22, where 72

can be ignored because it is independent of policy. Use these relationships in (A.45),

and drop terms independent of policy (t.i.p.):

R R 1 - o7 L~ o
Co + ﬁCl = — §¢(1 + ¢ - Oé(l + X))(k% + lekl) + §Q(y%’0 + 2yT,OyT,O>

+¢(1+ x)ar (k1) — yx(1 + ®)iroa1 + (1 + @) (¢ — xa)(ky + k1) (Gr0 + Uro)

(A.46)
Now expand and use efficient allocation relationships:
0 W9
yro = ———a AAT
Yro =71 ~ s ay ( )
P b A P (A.48)
" 1-a w3 !
The two imply:
7. -7 (ws—wa) _
- A.49
1 91— a) ( s ) Y10 ( )

to get:

) ) 1 ~ S 1. .
o+ Bé1 = — §¢(1 + ¢ — a1+ x)) (kT + 2kikr) + 59(9%,0 + 2r,091,0)

w3

. 1—7v)ws . _
> kiky —yx (14 qb)( ) w_zyT,OyT,O

Fol - a) .

W3 — W2
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+ (14 @) (¢ — X@)iﬁﬂT,o—l—

R e L L

1—7 W3 — Wa
V(1 + o) (o — Xa)g(ll__va) (wgc;@) YroYro (A.50)

Using eq. (A.39), as well as eqgs. (A.37) and (A.41):
1 . \2 1 . \D
S o)(@) + 51— o))’ =

1 X ) -
5(1=0) [ 6% + (14 6)*v50 — 21(1 + 6)okiiro | +

o MO

1 . . ~ 1 . 1 . .o
5(1 — O')")/2 (@(1 + ¢)2y%70 + a% -+ Oézk‘% — 25(1 + ¢)yT70a1 - 25(1 + ¢)ayT70k1 + 2&&1/€1>

which gives (excluding t.i.p.):

(1= 0)(@) + (1 - 0)(@)* =
1—0

2

{Cb(ﬁb + )k} + (1 + %)(1 + 07970 — 29(1+ 6) (¢ + a)kigro — 2(1 + ¢)y*r0a + 2¢7&1fﬁ]
(A51)

2 2

Recognize that for any variable & = # + Z we have 22 = 72 + 227 + 72, where Z? can

be ignored because it is independent of policy, one can rewrite (A.51) as:

S(1= )@ + 51— )(@r)? =

1‘“[a¢+wmﬁ+aaa»+u+%X1+@%%ﬁm+mhwm>

2
l1—0
2

[—2’7(1 +¢)(¢+ 047)061 + 7€1)(3]T,0 +yro) —2(1+ ¢)’YQ(§T,0 + yro)ar + 2¢’Y&1(l~€1 + ky)

Applying the substitutions from the efficient allocation in eqs. (A.47)-(A.49):

51— o)) + 51— )(@r)? =
7 |86+ @)+ 2huk) + (14 )1+ 0P Gy + 2moie)
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—(1=o)y(1+¢)(¢+ 047)@1@10)

R e L

1 w3 — W2

—(1=o)(1+9)(o+ OW)Q(ll__Wa) (w;gc;c@) Yr,0Yr,0

~ (1= )1+ 9 raing
+(1-a)éy(l—a) (wgf”wz) orker (A.52)

Sum eq. (A.50) and eq. (A.52):

o+ Bér + (1= o) (@) + 51— ) (@1)? =

- %d) [14+¢—a(l+x)— (1 —0)(¢+ )] (ki + 2kik:)

b3 |04 1= 00+ 50+ 02 (G + 2

A0+ (- o1 —a) ( ws )kk

W3 — W2

(1 - 7) ws _ .
i —Y1,0YT,0
W2

=1+ o) x + (1 —0o)v]

+7(1+ )6 — xa) — (1 — 0)(¢ + ay)lkriro+

#1410~ xa) = (1= oo + o) = (Y
+9(1+O)(¢ = xa) = (1= 0)(¢ +a7)] 9(11‘_2) (“’3;2“2) Jrojro  (A53)

Note that the following two set of relationships among parameters hold:

¢[1+¢—a<1+x>—<1—o><¢+w>]:¢[<1+x>+<1—am<l—a>( ws )

W3 — Wo

+’Y(1+¢)[<¢—X@)—(1_0)(¢+&7>]‘9(1_0¢)( Wo )

1—’}/ W3 — W2

~ o+ a-aa+ s o] = 0+ o+ -

+71+9)[(¢ — xa) = (1 —0)(¢ + 0‘7)]9(11_—704) (W3(;2W2)

Use these two conditions in eq. (A.53), and plug it in (A.34):
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(€W == 2611+ 6 — a1 +x) — 6(1 - o)1+ 1/6)] E(H)?

- 57040 o= x (14 752) - (= )1+ UL+ 0] Bl
+9(1+0)[(6 — x) — 6(1 — ) (1 + 1/ BBk} G + Li.p. + O(IIE]),

(A.54)

a(c—1)

o—1
where x = [(1—7)%! —1] and C77' = (%) (af) == . Rewrite (A.54) as:

(CTHW = — %gwﬂ@(/}i)? _ %(1 + @) = 04)7(1 ) (w3 —wi) + (1 — )0 EB(G)?
N (1— a)g(w3 - wl)E%i‘ﬁ) +tip. 4+ O([[€]]), (A.55)

The island-level real exchange rate and capital relative to their frictionless counterparts

are:
w

~i i w 7
4o = = (ro — (Eyq1 — qo)) _ 2 (Ejar — ar) (A.56)
Ws w3

11—« w3 3

- Kﬂ - 1) (ro — (Eiqn — a0)) — (% - 1) (Eia, — al)} (A.57)

Equations (A.56)-(A.57) imply:

i 1 W3 — W1 ~ W1 — W2 i .
= | (2 (22 (- ) (A58)

Using (A.58) inside (A.55), and noting that welfare (A.55) is equal to zero when eval-

uated at the first best, since, by definition, all gaps are zero. Thus:

W —W = —QE(G)* — BE(Eja; — a)® + ti.p. + O(€]]), (A.59)
where
1 ~y W3 1 ¢ 1 2 (w1 — wy)?
Q= — 1 = Qy = - A.
o TR L A e (1 ~ a> w (4.60)

Equation (A.59) is equation (39) in Section 4.
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D.1 Auxiliary welfare representation

This appendix derives the auxiliary welfare representation, presented in Section 4.2. In
doing so, it uses the fact that the public signal z satisfies the following representation

(regardless of whether FX interventions are conducted publicly or secretly):
zlay ~ N (14 0)as, 1) (A.61)

Auxiliary expression for var(Eja; —a;) Using equations (A.61) and (22), one can

obtain:

1

o 2 1
By + Ba + B-

2
) [<1+5>2m+ﬂz+<aﬂz+aﬁy—ﬁa> -

var(Eja, — ay) = ( (A.62)

Auxiliary expression for var(¢i —q,) First, find an auxiliary expression for island-

expected excess currency returns. To do so, use egs. (A.28) and

(Eg — Eo)Eolar] = /BJF;%&(E@GI = Eoay); Eyar — Eoar =

into eq. (43) to obtain:

ro — (Eésl _ SO) _ _1 -7 |:1 i « <W1 _WQ) ﬁv :| /BU (1 +5)€z

(1 + 5)61} Ez‘
By + Ba + B2

0 11—« w1 Ba"i_ﬁv"i_ﬁz Bv+/6a+62
o _ r
2 Foar+ ——2(nt + ). (A.63)
I'ow; + ws I'dw; + ws

Use (31) in (A.63):

ro — (Ejs1 — so) = _Loa {1 +— <WI _WQ) a ] By (1+ )€

0 11—« w1 Ba"i_ﬁv"i_ﬁz Bv+/6a+62
[Ows + Twsky , - r
S T Wala +lwsh (Evay) + —— i (1 + kp)nj. (A.64)
IMbw; + ws 0w + wy

Plug (A.64) into (40):

i l-yw o  [w—w Bo B i
b~ Dd= 0 Wws |:1+1_05( w1 )Ba+ﬁv+62:| 6v+6&+ﬂz(1+6)6

ro Twsky Wy, r .
S W By b N (et — 2 (Bl — ) (A65)
IMw, +ws ws Iow; + ws w3
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Using equations (A.61) and (22) into equation (A.65), one obtains:

qé—éoz—i{1_7w1{1+ c (wl_w2> i :|+WQ}L(1+5)€Z'

w3 9 1—@ w1 ﬁa""ﬁv""ﬂz ﬁv+ﬁa+ﬁz
1 le ~ 1
(@,) {—F R (fucn + wyra) (1+8)(By + B2) — wa(3B. + 3B, — m} e
Chawr —wy P : Py (1+ Kn)n* (A.66)

= €+ —
Fewl + ws Bv"’ﬁz’i’ﬁa Fewl + ws

and therefore:

_<1>2{1_,yw |:1+ % (wl—WQ) Bv :|+w }2 1 (1+5)2B+
w3 0 ! l-«a w1 Ba + By + B: ? (/Bv + Ba + 62)2 !

1\? Tw; _ 2 1 1
<w3> {W (9w2 + w3/€a> (140)(By + B:) — wa(0B. + 05, — 5a)] mE‘F

Var(qé—(jo) =

(Thqw — wo)? 1 5
(Féuﬂ + UJ3>2 (Bv + 62 + Ba)2 -
(Twr)? (Fhqwi — wa)lwy B

(1+ /@n)Qi +2—=
Bn (F9w1 + w3)2 By + Bz + Ba

(14 &p) cov(ny,€?)

(A.67)

(Féwl + w3)2
where €* denotes the noise in the public signal z.
Auxiliary welfare expression Having derived the auxiliary expressions for the wel-

fare components in equations (A.62) and (A.67), one can define the auxiliary expression

for overall welfare as:

I i 2 1—7 [e% W] — w2 By :| }2; ) .
(”3) { o [H 1-a ( w1 ) Bt Bt Bl T2 BotBat gl TP
1 2 Fw1 ~ 2 1 1
G [ (o) 6005t om 0] gt |
' (Tkqw1 — w2)? 1 5
_ (DOwy + w3)2 (B + B2 + Ba)? ?
W(ka, kn,Bz) = — (Fw1)2 5 1 (Thawi — w2)Twy B .
T+ B ) Bor BB V) ]

var(gh—do)

1 2 1
() |1+0)26 +6: 5z5v_a27}
2(5v+6a+ﬁz> {( 0 Bo Be o (95= 4 0By = Ba)™

var(Eéal —ay)

(A.68)
We observe that the auxiliary welfare function, denoted by W(ma, Kn, B), is also in-
fluenced by the covariance between noise trading shocks and the noise in the public

signal, represented by cov(nj, €*). Since, under both the secret and public communica-
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tion regimes, this covariance term can be expressed as a distinct function of (kq, Ky, 5,),

we write the welfare function as in equation (A.68), with a slight abuse of notation.

Auxiliary welfare expression under public communication Using public sig-
nal (33) in (A.67) one can express the auxiliary welfare representation under secret

communication as:

_ 2
(F9w2w1 — w3dwsy + Twawq (1 + 5)/%) /Tla + (Twswi (1 4+ ,@71))2 B%

— 31

Y +Qo
W(’{aa Kn; ﬁz) = - OJ3 (F9w1 —+ OJ3)2

62—
Ba
——

var(qé —qo)

(A.69)

Auxiliary welfare expression under secret conduct of FX interventions Us-
ing public signal (38) in (A.67) one can express the auxiliary welfare representation

under secret communication as:

1\2(1- ¥ o w1 — wa By 2 1
(;3) { T {” I« ( o ) ﬂa+b’v+6z] “"2} Gt Bur g LAt
o8 (i>2 {L (Buon -+ wsra) (14 8)(Bo + B) — wal8B- + 55, Ba)]z 1,
w3 Towi + w3 ’ (Bo + Bz + Ba)? Ba
_ (Thaw1 — wa)? 1 (Bv + B2)?
W(”a, Nn?ﬁz) = - (Féwl + w3)2 (ﬁa + By + 52)2 B-=

var(gf—do)

1 2 1
Q - 1 621} z 52 611_112*
2<Bv+6a+ﬂz> [(+)6+6 0P 4000 = Fa) g

var(Eéalfal)

(A.70)

E Proofs

Proof of Proposition 1. Define D = 3, + .+ ,. Plug the signal under laissez faire

in the solution for the perceived exchange rate process (26):

CUQ /Bz ! le * CL)Q 5’[)
do=|1+— : _ P . o) P (A.71)
F&ul + ws D)\la F9w1 + w3 F0w1 + w3 D
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To find the undetermined coefficients, set (A.71) equal to the guess (24)

S - (1+5)@:x;{1+ 2 55]
F9w1 + ws D F9w1 + w3 D)\é
S\Z - w2 6’0 + Bz
FHoJl + w3 D
and
FL:X;[H 2 65}
F9w1 + ws F9w1 + w3 D)\é
S\I - le 6’0 + Bz
F@wl + ws ﬁv
Take the ratio ~
Xo w2
5\51 le D
Define A; = % Then:

le 51) + 611 + A26n

3 Bv Ba 2 611 o
m*(& @)M+EZE‘O

Define p; = (5”55“ and py = {2 g” Thus, rewrite (A.82) as

A+ oA+ pe =0

If

1. the cubic equation is of the form in (A.83)

2. p1 and py are real numbers

3. 2+ % > 0 (which is satisfied in our context for any real value of £2-)

Then, equation (A.83) has:
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(A.72)

(A.73)

(A.74)

(A.75)

(A.76)

Cubics of this form are said to be “depressed.” Cardano’s formula states the following



(i) the real root:

2 3 2 3
Y e B s SR B B N
\/ 5+ 4+27+\/ 5 T (A.77)

(ii) and two other roots that are non-real complex conjugate numbers.
[

Proof of Proposition 2. By combining the two public signals—the exchange rate
given by (26) and the FX intervention given by (32)—which provide independent in-
formation about Eyla;] and n}, the resulting public signal 2? fully reveals average

expectations. Specifically:
IT r éwl + w3 Ka Wo _
p= L _ g AT T 22 ) Z Byfay].
: (/{n 4 I'wq Kn + Twq ol

Proof of Proposition 3. Define D = 3, + 3, + (.. Plug the signal under secretly

O

conducted FX interventions in the solution for the exchange rate (35):

-T - r —T
LTk g P ] { N (g gt — | ey 5)@] al}
F9w1 + w3 D)\Z F9w1 + w3 F9w1 + w3 D
(A.78)

To find the undetermined coefficients, set (A.78) equal to the guess (24). You get

qo =

Y - F a v z
oo etk 5Bt D (A.79)
FOw; + w3 D
and
N F v _'_ z
L SRR e (A.80)
Fle + w3 51}
Take the ratio ~
A8 wy — Lwi kg o
2 =__—= = " (14+0)= A 81
S Fwy(1+ K/n)( +9) D ( )
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Define A, = ;\—f Then:

By
As — 1 + 5
F ( )ﬁv + Ba + A28,
3 ﬂ Lo 3 (A.82)
A§+( u C‘)A i Bl WL R R
EAEN R VG A es
Define p; = (5”[;5" and py = ;’51(1;3;“)(1 + (5)/3” Thus, rewrite (A.82) as
A+ piAg+pp=0 (A.83)

Applying the Cardano’s formula as in Proposition 1, one gets the following unique

2 3 2 3

P2 P13 P2 P2 P1
— =\ =+ = ——= —\/=+ = A.84
\/ * 4+27+\/ 2 4+27 (A.84)

[]

solution:

Proof of Proposition 4. We let the planner solve the auxiliary problem as defined
in Section 4, where the auxiliary representation of the welfare function under public
communication is given by (A.69), which internalizes the relevant constraint in the
auxiliary planner’s problem (44),. The first-order conditions of the resulting problem

with respect to k, and k, are:

W9 0~Fw1 — (5&)3

b et —1 P -
Fon ’ Na w3 le(l +5)

Plugging (k2, k?) in the auxiliary welfare function (A.69), implies that, at the optimum:

Var(q —qo) =0; Var(Eéal —a;)=— >0,

and, as a result:
2

Wp - _926_ S 0

a

O

Proof of Proposition 5. We let the planner solve the two-step auxiliary problem
outlined in Section 4, where the auxiliary representation of the welfare function under

public communication is given by equation (A.70). Note that equation (A.70) already
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internalizes the relevant constraint in the auxiliary planner’s problem (44), thereby
expressing the welfare solely as a function of k, and (§,. Because of this, Step 1 of
the auxiliary problem boils down to finding the welfare-maximizing value of k, for any
given 3, = f., that is x3(8.). The corresponding maximizing value of k2(3.) can be
then determined by the relevant constraint in the auxiliary planner’s problem (44).

The first-order condition of (A.70) with respect to k,, implies that:3°

Wi (B.) = — 2 (0Twr — dws) — wp (Dfwn +ws) Bal(L +6)°B. — (B: + 5,)]
T ws (L 0)Tw ws (L+0)Twr (B, + B)[(1+6)B. + Ba]

K

(A.86)

By replacing k, with its optimal value x5(3.) into welfare function (A.70) we obtain:

“f%{l—v{wl+ a <w1—w2> Bo ]H}Q(Ham}
Tilg (52), i (B, By = — o |5 L 0 Lwe Lma e Bt Bt (o + Bt 522

wp L
w3 Ba + (1+6)28.

var(gg)

0 (52 (1 B 62)Ba + (1 B 62)61} + (1 — 20 — 252)ﬁz>
—Qy ,

B (Bo + Ba + B)?

var(Ejai1—a1)

(A.87)

where §2; > 0 and €2 > 0 are defined in equation (A.60).

Equation (A.87) represents the level of welfare for any value of 3., where the values
of (Kq, k) are set to their welfare-maximizing values (k2(8.), 53 (5.)).

Equation (A.87) delivers two important results. First, secret policy can always
attain the level of welfare of the optimal public policy. To see this, take the limit of
equation (A.87) when 3, — oo:

. WS ( A s(n i 1 —c O‘ﬁrY(wQ_wl)Q 1
Jim W (8.), 15,(3:), 82) = =3 (C! ﬁ 01— ), 525]'

30The corresponding value for x5 (32) is:

cias wa (Thwy + ws) (1+6)858,
) = T e (et (1400282 (B + )

K

\/g (A.85)

The two possible values, symmetric around —1, deliver the same allocation and level of welfare.

61



Note that this level of welfare is equivalent to the one attained by the optimal public
FX intervention policy, Wp, reported in Proposition 4. Thus, by choosing a perfectly
informative signal, while maximizing over (k,, k,) secret FX interventions can repro-
duce the allocation of the optimal public FX intervention policy and attain its level of
welfare. One can also note that this secret policy is obtained by setting (kq, ) ac-
cording to (kP, kP) in Proposition 4. It is worth stressing that this is just one possible
choice of 3. under secret conduct, but not necessarily the welfare-maximizing one.
Second, secret policy can attain a higher welfare than public if ¢ is sufficiently large.
To see this, examine the asymptotic behavior of equation (A.87) as /3, tends to infinity.

To begin with, identify and collect the leading terms in equation (A.87):

B a(ws — wi)? 1
w1 0(1 - 04)2 (ﬁv + /Ba + Bz)

2
_ _ 1
| 25— 2623, — WPz _
2( )6 W1 W3 Ba + (1 + 5>262

The sign of the dominant terms is positive if:

w3 (1 a)?
254 1 66° + 56% > 1 442 L =)
W3 Oé(a)g —w1)2

(A.88)

The left-hand side of equation (A.88) is monotonically increasing in ¢ for ¢ > 0, while
right-hand side of equation (A.88) is a positive constant. Define 6 > 0 as the smallest
positive root of the quartic equation (A.88). If § > 5, then the welfare function (A.87)
reaches the optimal-public level of welfare from above as 5, — oo. This means that
§ > 4 is a sufficient condition for the secret FX intervention policy to dominate the

optimal public FX policy in welfare terms. O

Proof of Proposition 6. First, rearrange (A.62) to express the variance of produc-

tivity forecast errors under secret FX interventions as follows:

0 (1=0")Ba+ (1 =68+ (1 =26 - 252)@)
I + AL (A.89)

Then, take the limit of eq. (A.89) for 8, — oo and 5, — 0:

var(Ejay — ay) = (

. 1
lim var(Ela; —ay) = 6°—
ﬁz_mV (Epar 1) 3,

. 5v_a2l+ 1+52v
BIJE‘OV&r(Eéal‘“I):(ﬁ ﬁ(;ﬁﬁagz =

(A.90)
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Thus, limg, o var(Eja; — a1) < limg, o var(Eja; — ay) if § < 1. Moreover,

Ovar(Ejay —ar) 1
0B: (Bt B+ Ba)?

{(By + Ba)[1 — 2(1 +6)] — B.[1 — 26(1 + )]} .
(A.91)

We can distinguish two regions. If & § < § = _1;”/3, i.e. [1 —25(1+4)] > 0, then

dvar(Egar—a1) /o5, < (), and the forecast error variance declines in public signal accuracy.

Instead, if § > &, then ovar(Bjai—a1)/gp. < 0 as long as B, < (B, + B,U)ll 225(11155 and
1-2(1+9)

Ovar(EByar—a1)fap. > 0 as long as £ > (Ba + Bo) 73005 25 L
As aresult, if o < _1+‘/§ the global minimum forecast error variance obtains at 5, =

oo. Instead, if 6 > 1+\[ , the global minimum obtains at 8, = (8, + 5,) 11 225 11165 O

F Diagnostic expectations

Diagnostic Expectations are a model of belief formation where probabilistic assessments
depart from the Bayesian benchmark and are instead consistent with Kahneman and
Tversky’s representativeness heuristic, which they define as follows: “an attribute is
representative of a class if it is very diagnostic; that is, the relative frequency of this
attribute is much higher in that class than in the relevant reference class” (Tversky
and Kahneman, 1983, p. 296). In this framework, individuals judge types or attributes
as more likely when the are instead more representative, and provides experiments and
evidence in support of this thesis. Based on this idea, Gennaioli and Shleifer (2010)
construct a model in which belief biases arise because agents overweight events that
are representative, i.e. the new information they receive. A growing literature applied
this overweight bias to belief formation in macroeconomics and finance (for a review,
see Bordalo et al., 2022). Here we describe this belief formation model and a related

application to stereotype formation by Bordalo et al. (2016).

F.1 Representativeness

Consider a decision maker assessing the distribution of some trait 7" in group G, with
true distribution h(7T = ¢|G). Gennaioli and Shleifer (2010) define the representative-

ness of trait 7' =t in group G as

h(T = t|G)

T —i—C (A.92)
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where —G indicates the relevant comparison group. That is, a trait is more representa-
tive if it is relatively more frequent in group G than —G. This framework assumes that
representative events are easier to recall, and therefore agents with a limited working
memory overweight these types in their assessment. The degree of representativeness
of a trait is state-dependent, as it depends on the comparison group —G.

To illustrate, consider the case of an individual forming beliefs about the distribu-
tion of hair color among the Irish population, from Bordalo et al. (2019). The trait 7'
is hair color, the group G is the Irish and the comparison group —G is the rest of the

world population. Suppose the true relevant distributions are

T =red T = blond/light brown 7T = dark brown
G = Irish 10% 40% 50%
—G = World 1% 14% 85%

Red is the most representative hair color as it is associated with the higher likelihood
ratio among hair colors
Pr(red hair | Irish)  10%

= =10 A.93
Pr(red hair | World) 1% ( )

The representative expectation model would therefore predict that agents overestimate
the frequency of red-haired Irish. As this color is more representative of the Irish
population, it is the one the comes to mind when thinking of group Irish, which results
in its relative frequency being exaggerated in subjective judgments and the frequency
of the other colors discounted. Gennaioli and Shleifer (2010) and Bordalo et al. (2016)
show that this model rationalizes several widely documented errors in probabilistic
judgment, such as base rate neglect and the conjunction fallacy, and sheds light on key

features of social stereotypes and context-dependent beliefs.

F.2 Diagnostic expectations about economic conditions

We can apply the same logic to belief formation about economic conditions. Consider
a case similar to Section 1.3, where agents form belief about a state a with prior
distribution a ~ N(pa, x~1).! Agents observe a noisy signal about the realization,
s=a+e, with e ~ N(0,771).

31This formulation embeds an AR(1) structure a = pag + u, with p, = pag and u ~ N(0, x71).
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The intuition underlying the hair color example can be applied to this setting,
where the agents forms posterior belief about the state a;. According to Bayes’ rule,

the probability density is

_ (sla)f(@)
[ £(sla) f(a)da

f(als) (A.94)
with f(a) indicating the unconditional probability density, that is the prior in absence
of additional information. With the normality assumption, the Bayesian posterior
would be als ~ N(pa + (s — pta), (T +X) 7).

Similarly to above, agents have this true distribution in the back of their mind,
but selectively retrieve and thus overweight realizations of a that are representa-
tive/diagnostic of G compared to —G. While before G =“Irish” and —G =“Rest
of the world”, here, following the literature, we take a dynamic perspective and take
“context” as reflecting the information held before observing the signal. In other words,
—G is the state prevailing if there is no news, and G is the state prevailing after observ-
ing the signal. In line with Bordalo et al.’s (2020) proposal for a diagnostic Kalman

filter, we define the representativeness of a state a at as the likelihood ratio:

f(als)

M= Fals = ) A9

State a is more representative if the signal s received in this period raises the probability
of that state relative to the case where the news equals the ez ante forecast, s = p,.
The forecaster will then overweight states that are representative by using the

distorted posterior
51
A

where Z is a normalization factor ensuring that f°(a|s) integrates to one. Parameter

f(als) = f(als)R(a) (A.96)

0 denotes the extent to which beliefs depart from rational updating due to represen-
tativeness. If 6 = 0, beliefs are rational, and the posterior distribution is the Bayesian
one, f(als). If § > 0, the diagnostic density f°(a|s) inflates the probability of represen-
tative states and deflates the probability of unrepresentative ones (we assume that all
agents have the same ¢). Intuitively, future events that are relatively more associated
with the signal, that is those that become more likely, are more accessible from the
agent’s memory and are overweighted in judgments.

As shown by Bordalo et al. (2020), with a normally distributed prior and signal,
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the distorted belief (A.96) is also normal.*® The posterior variance is the same as in

the Bayesian case, var®(a|s) = var(als) = (7 + x)~!, and the posterior mean equals

-
X+T7

E'lals] = ta + (1 + 0)—— (s — j1a) (A.97)

In the particular case of y, = 0, then E°[als] = (1 + §)E[a|s] as in equation (21).

G Information effect of public FX interventions

In case of publicly communicated FX interventions, the agents can combine the two
signals available, the exchange rate—perceived to follow eq. (26)—and the FX inter-

vention (32), to back out the average expectations Eqy[a,], as follows:

* 1 5 _
= <f_1 - )/(na( +4) o ) _ B (A.98)
Fn Tfwrtws Fin w1

Under rational expectations, this implies observing the average private signal and there-

fore perfectly back out the level of productivity a;, such that Eyla;] = E[a;] = a;. How-
ever, under the DE framework with higher order belief bias illustrated in Section 1.3,
agents make mistakes in mapping the average expectations to the level of productivity.
In order to find the equilibrium belief, one needs to solve a fixed point problem.

Under public communication, agents observe a signal that perfectly reveals average
expectation, 2P = Eyla;]. Moreover, they observe private signal v' = a; + €', with
e ~ N(0,8,") and [ € di =0, and the common prior a; ~ N(0,5;"'). Agents are
behaviorally biased in that (i) overreact to the exogenous private signal according to
parameter 0 > 0 (DE1), and (ii) they think of themselves and everyone else as rational
(DE2).

To solve the fixed point between individual and average expectations, first we

guess a solution for the perceived average expectation (i.e. public signal), % a R

N(ay,1/8.), where X is determined as the solution of the fixed point problem. As

agents think of themselves and everyone else as rational, they believe average expecta-

32Qur framework is a simplified version of the AR(1) case outlined in Bordalo et al.’s (2020) Proposition
1, where the autoregressive parameter equals zero, i.e. p = 0.
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tions don’t exhibit overreaction. Thus, they perceive that:

‘ . Bval + ﬂzi
P — Elagdi = —— "X A.99
¢ / o = B B+ fa (4.%9)

and solving the fixed point

ll_i o B
5\: 6v+5z
By + B2+ Ba

since the signal z? is perceived to be perfectly accurate, 8, — oo, which gives A = 1

and therefore perceived average expectation follows

2P = EQ[&l] = a3 (Al()l)

If agents were rational, then perceived and actual average expectations would coincide
and Eg[a;] = a; is the solution, as explained above. However, if agents are subject to
the aforementioned behavioral biases, then actual average expectations equal 2P = \ay,

where \ satisfies

. : i ._<1+5)6va1+6z% A102
Zp_/Ealdl_ By + B+ Ba (A 102
and thus:
Bas B

l——— 2 | A=(1+0)—""—+

[ By + B+ Ba &;&;& (A.103)
v+ B:
A:(1+5>5v+52+5a

As 8, — o0, one obtains that A = (1 4+ J). As a result, actual average expectations
equal
Eo[al] = (]_ + 5)&1.
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H Alternative belief formation models

Our baseline framework of higher-order beliefs—encoded in assumption DE2—implies
that agents systematically underestimate the response of other agents. This form of
higher order belief bias leads to endogenous overreaction to public signals. In this
appendix, we show that our substantive results obtain also under the following alter-
natives: (i) a setting without higher-order bias but in which agents are diagnostic with
respect to both private and public signals; (ii) a Partial Equilibrium Thinking model
as in Bastianello and Fontanier (2022), where agents use private signals optimally, but

fail to realize other agents also learn from prices.

H.1 Diagnostic expectation without higher order belief bias

We explore a different version of the Diagnostic Expectation model considered in Sec-

tion 1.3. First, we assume that the representativeness heuristic apply to both exogenous

private signals and endogenous public signal. For simplicity, we focus on the laissez

faire equilibrium where the only public signal is the equilibrium exchange rate ¢op. When

agents extrapolate both their private and public signals, they use distorted posterior
h(ai|v*, qo) 1

e i —p i : — A.104
(a1]v', qo) (a1|v', o) h(aijvi=0,q0=0)] Z (A.104)

where h(ai|v’, qo) is the true Bayesian posterior distribution of a; after observing the
signals v’ and qo, and h(a;|v" = 0, gy = 0) is the posterior if the signals observed equal
the prior, which in this case is zero. For simplicity, with some abuse of terminology,
we refer to this latter case as “receiving no news.” The term %ﬁﬁﬂlm reflects
the representativeness of a;, which is higher if the signals received in this period raise
the probability of that state relative to the case where the news equals the prior (no
news). The parameter 6 > 0 captures the strength of the impact of representativeness
on judgments (if § = 0, memory is frictionless and agents are Bayesian). Finally, Z is
a normalizing constant ensuring that h°(a; |v?, qo) integrates to 1. Under the normality

assumption, the conditional expectations of a; is

E'laiv', qo] = (14 8)E'[a;1 v’ qo]. (A.105)
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Differently from the belief formation model considered in the baseline framework, we
assume that each agent knows that others are behaviorally biased (while they incor-
rectly think themselves as rational). As a result, agents correctly perceive the exchange

rate as following

le " %)

= ————nf— ———Fya,. A.106
F9w1+w3 ! F9w1~|—w3 o ( )

q0

As agents correctly perceive the exchange rate process, we solve the fixed point
problem by guessing the actual law of motion. We conjecture that the equilibrium

exchange rate process depends linearly on future productivity a; and noise trading nj
Qo = Aa@1 + Apny, (A.107)

The exchange rate process depends on aggregate expectations about productivity,
but it is itself an informational source for agents when forming their beliefs. As a
result, the relationship between the exchange rate and the two shocks, governed by
(Aas An), is determined as the solution of a fixed point problem. In particular, one can
rewrite eq. (A.107) as

4o ﬁ

NN

In this formulation, %/x, represents an unbiased signal centered around future produc-

nt. (A.108)

tivity a; with a error variance of 871 = (M/x2)3, 1.

To sum up, agent i accesses three sources of information: (i) the prior distribution
of ay; (ii) the private signal, eq. (19); (iii) the exchange rate, eq. (A.108). Following
eq (A.105), their posterior is

Bov’ + B>

Elay|v’, qo] = (1 + 5)m7

(A.109)

We can average posterior beliefs Ela|v?, qo] = fz E[a;|v, o] di using fz vidi = a;
and substitute back in the exchange rate process, eq. (26), to verify the conjecture, eq.
(A.107). The following proposition characterizes the unique equilibrium of the model

economy.

Proposition H.1. The symmetric linear market equilibrium s unique and the ex-
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change rate process is described by eq. (A.107) with coefficients

, + A8,
e = —(1 4 6)—22 Bo + A5
F9w1 +W3Ba+6v+ABn (A 110)
A — l'w; Bu + Azﬁn .
" Féwl + w3 ﬁv
where A = i—i, and A? is unique and implicitly defined by
2 2
A= (140 “2) h A1l
(0095%) Gra sy S
Proof. The proof follows from the proof of Proposition 1 in Appendix E. O

Forecast error variance Agents extrapolate both private and public signal accord-
ing to parameter 0 > 0. The forecast error variance in this model equals

var(Eja; — ay) = 008 + B:) — al” 1 + (1L+07(B: + 5v) (A.112)

(Bo+ 8-+ B)? Ba (Bo+ B+ Ba)?

The implications for the forecast error variance with this belief formation model are
very similar to the baseline framework. If the exchange rate is perfectly accurate,
B, — 00, the economy operates the consensus forecast error variance remains positive,
Var(anl —ay) = 526%. Even if the informational content of the exchange rate is in-
finitely precise, and it reveals average expectations, agents overreact to this information
due to extrapolative beliefs.

More generally, for large enough extrapolative bias d, higher public signal precision
has two opposing effects on the forecast error variance. First, like in the rational ex-
pectation case, higher precision provides more information, lowering the forecast error
variance. Second, higher precision increases the relative weight on the public signal
in posterior belief, and therefore it amplifies the degree of extrapolation, increasing
the forecast error variance. We show the first effect prevails for low values of signal

accuracy, while the second effect prevails for larger values of accuracy.

Proposition H.2 (Forecast error variance with extrapolative expectations). If § < 9,
then the unconditional variance of the individual forecast error on productivity is mini-
mized with perfectly informative public signal B, — co. If§ > &, then the unconditional

variance of the individual forecast error on productivity is minimized with perfectly un-
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informative public signal B, — 0, where § = 1.

Proof. Take the derivative of (A.112) with respect to public signal accuracy £,

Ovar(Boar =) _ (Bot Be 4 Bu) (4 gy 915(8, + B) — Bu] — (1+8)(Be + ) — B))

aﬁz (ﬁv + BZ _'_ Ba>4
(A.113)
Therefore 9var( B
sign ((LrEm —a)) oo (A.114)
9p:
Moreover,
, 52
lim var(Eja; —ay) = —
o0 Pa (A.115)
lim var(Eja; — a;) = (98, = Bo)” + (+ 075,
Bz—0 0 (Ba + ﬁv>2ﬁa (5a + ﬁv)2
therefore, limg, o, var(Efa; — ay) ; limg, o var(Egar — a1) <= 5 L. U

The qualitative implications in terms of forecast errors are therefore similar to the
baseline model, i.e. Proposition 6. However, the threshold § above which the forecast

error variance is increasing in public signal accuracy is higher.

H.2 Partial equilibrium thinking

We consider now a different believe updating model, where the only bias is in the
formation of higher order beliefs. Similarly to the Partial Equilibrium Thinking model
of Bastianello and Fontanier (2022), suppose that agents update their belief rationally
with respect to the exogenous signal, but fail to realize that the other agents are
learning from the exchange rate as well. As a result, they make mistakes interpreting

the endogenous signal. In particular, they perceive the exchange rate to be equal to:

P le " w9

= — ny — — Eola;|v* A.116
F@W1+W3 ! F9w1+w3 0[ 1| ] ( )

qo0

where Eg[a;|v] is the average Bayesian posterior from observing only the exogenous

private signal:
I_Eo[a1|’Ui] = Baffﬂval. (All?)
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The perceived exchange rate thus follows

o = a1 + A, (A.118)
from which they extract the signal
@ =a;+ ﬁnf (A.119)
Aa Ao
with r
- o 5= (A.120)
I'dw; + ws

—
Fle + ws 5a+ﬁv

- < 2
where the perceived accuracy of the exchange rate is 8, = % B = (F—‘jl Bﬁ:&) B
Agents form expectations using perceived exchange rate. Actual expectations equal

_ Buar + B L
s (A.121)

EO [0,1 = =
Ba+ B + b-
Substituting back in the actual exchange rate process, one can find the solution for the

actual exchange rate, which equals
qo = Aa@1 + Auni, (A.122)

with
le Bv(ﬁa + ﬁv + Bz)

Ap = — o
Ibw; + w3 ﬁfu(ﬁv + ﬁa) - 6062
(A.123)

A o— w2 53
“ Féwl + w3 Bv(ﬁv + B&) - ﬁa@z

As in the baseline model, this higher order belief bias leads to misperception of the

exchange rate process, and therefore mistakes in information extraction. The signal

agents actually use is

do o /\a /\n * ﬁv(ﬁv + ﬁa)
— = =—a;+ =N = ~ U1
>\a )\a >\a 51}(51} + 5{1) - /Baﬁz
Equation (A.124) reveals that the actual accuracy of the signal they use is [,

2 .
) Bn, which is distinct from the perceived accuracy [3,. In partic-

_Ton (B, + B+ B)(Bu + Ba) (A.124)
%) ﬁv(ﬁv‘l'ﬁa)_ﬁaﬁz ;

<& Bv(ﬁv‘*‘@a)—ﬂaﬁ?z
Twi (Bu+Ba+B:)(Bo+Ba)
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ular:

~ 2
) — ﬁv(ﬁv_{—ﬁa—i_ﬂz) A125
’ ﬁz(ﬂu(ﬁﬁﬁa)—ﬂaﬁz) (4.125)

There are two difference between the perceived signal (A.119) and the actual signal

(A.124). First, the signal is not centered around the realization ay, but it is multiplied
by the term /%”—“Lﬁ"ﬁ)g = WU,. Agents thus misperceive the mean of the endogenous

signal, similarly to our baseline model of beliefs. However, in this case agents also

misperceive the accuracy of the endogenous signal: their perceived accuracy equals the

Bo(ButBatBs) )2
ﬁv(ﬁv“l‘ﬁa)_ﬁaﬁz ’
The forecast error variance equals

actual one multiplied by ¥, = (

. 2 ~ 2
2 /Baﬁz _ _ (_1) ) 5v(ﬂv+5a+ﬁz)~
[52 (m(ﬁvwa)—ﬁaﬁz) 5“] o "+ B <ﬁv(,3v+6a)—ﬁaﬂz> + B
(B + Ba + 52)?

var(E'a; — a;) =
(A.126)

As described in Section 3, secret interventions can manipulate the informativeness

of the exchange rate. Consider what happens when the perceived accuracy varies:

e If 3, = 0, the perceived signal equal the actual signal: the bias comes from agents
thinking other agents do not use the public signal to update, and in this case

they are correct.
1

Bo+ Ba

var(E'a; — a;) = (A.127)
o If B,(By + Ba) — B3, > 0, agents misinterpret the endogenous signal for two
reasons. First, as ¥; > 0, agents think the public signal loads less on the shock
than it actually does. Similarly to the baseline model, this leads to overreaction
to the endogenous signal. Second, the term Wy > 0, meaning that perceived
accuracy is higher than the actual, leading agents to overweight the public signal

and therefore also overreacting to it.

e As the perceived precision of the public signal increases (that is, £5,(8, + fa) —
B.B: — 0, and both ¥; and W, go to infinity), this implies infinite overreaction
and thus:

var(E'a; — a;) — 00 (A.128)

e As the perceived precision of the public signal increases further (that is 8,(3, +
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Figure A.2: Forecast error accuracy with Partial Equilibrium Thinking
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Notes: This figure reports the precision of forecasts, (var(Eja; — a1))™", where var(Eja; — a1) is
defined in (A.126), as a function of the perceived public signal accuracy (.. The rest of parameters
are set according to Table A.1.

Ba) —B.f, < 0 and therefore ¥y > 0) agents incorrectly think the signal positively

correlates with productivity, and thus they update in the opposite direction.

e If 3, — oo, the signal does not load anymore on productivity a;, as the only
equilibrium is one in which neither expectations nor the exchange rate respond

to changes in the productivity, and:

var(E'a; — a;) = % (A.129)

To sum up, for certain values of /3, this belief formation model also leads to over-
reaction, not only through a misinterpretation of the signal mean, but also a misinter-
pretation of its accuracy. As a result, the level of exchange rate informativeness that
minimizes the forecast error variance is not infinite, but finite. While this result echoes
Proposition 6, its characterization is not available in closed form solution. Therefore,

we provide a numerical illustration in Figure A.2.
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Parameter Interpretation Value

B Discount Factor 0.99
Q Share of Capital in Tradable 0.33
v Trade Opennes 0.33
0 Trade Elasticity 0.67
o CRRA parameter 10.00
r Intermediation Friction 5.00
o Std. dev. of productivity shocks 3.00
o Std. dev. of private signal 5.00
On Std. dev. of noise-trading shock 0.25

Table A.1: Baseline parameterization for numerical illustrations
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Figure A.3: Equilibrium responses to shocks under dispersed information

(a) Response to one-standard deviation productivity shock (a1 1)
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(b) Response to one-standard deviation noise-trading shock (ny |)

03 TFP Expectations Exchange Rate Consumption Net Export
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No FX learning (§=0) Baseline (6=0) = = No FX learning (§=0.5) = == Baseline (6=0.5)

Notes: This figure reports the equilibrium response of model variables to productivity and noise-
trading shocks for different levels of the noise in private signal, o,,, under laissez faire. The parameter
governing the extent of belief extrapolation is 6 = [0;0.5]. The rest of parameters are set according
to Table A.1.
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