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Abstract

Should exchange rate policy communication be transparent or intentionally opaque?
We develop a macro model in which agents overreact to the information about economic
fundamentals contained in private signals as well as in equilibrium prices, such as the
exchange rate. In this environment, FX interventions that are publicly announced signal
the central bank’s view about macro fundamentals, whereas opaque FX interventions in-
fluence the informational content of the exchange rate and can thus be used to “manage
expectations.” If expectations’ overreaction is strong enough, it is optimal to intervene
opaquely in order to control the informativeness of the exchange rate. Our model ra-
tionalizes observed practices in exchange rate policies such as managed floats as well as

the widespread opacity around FX interventions.
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Central banks around the world frequently engage in foreign exchange (FX) market
interventions, buying and selling foreign currency.! A notable characteristic of many
central banks is their opaque communication regarding FX interventions, often not
publicly announced or disclosed only after a lag. For example, around two third of
central banks do not pre-announce their FX interventions (Patel and Cavallino, 2019).
We provide a framework to study the macroeconomic effects of FX interventions and
their communication, offering a rationale for the puzzling opacity surrounding observed
exchange rate policy.

Our first premise is that exchange rates play an informational role by aggregating
agents’ knowledge and beliefs about economic fundamentals (Grossman, 1976; Bac-
chetta and Wincoop, 2006). While often highlighted by policy makers and commen-
tators, the informational role of the exchange rate is largely absent in macroeconomic
models. Our first contribution is to formalize this informational role in a small-open
economy environment in which equilibrium exchange rate changes lead people to revise
their expectations of future fundamentals, and adjust their consumption and capital
investment accordingly. This channel is distinct from expenditure switching and wealth
effects, and its strength hinges on the informational content of the exchange rate, the
amount of independent information that the exchange rate contains about fundamen-
tals. A central feature of the model is that FX interventions, and the communication
around them, alter the informational content of the exchange rate and can be used to
influence markets’ expectations about fundamentals.

Our second premise is the growing evidence that expectations of households and
financial market participants overreact to incoming news (see, e.g., Bordalo et al.,
2022). To speak to this evidence, we extend the diagnostic expectations model of
Bordalo et al. (2018) to a setting with endogenous signals. In equilibrium, people
overreact to the information contained in the exchange rate as well as in central bank’s
communication around FX intervention. Our second contribution is to characterize
how these biases in beliefs shape the trade-off that central banks face when conducting
and communicating FX interventions. In particular, if expectations’ overreaction to
new information is sufficiently strong, opaque interventions can be optimal so as to
limit the informativeness of the exchange rate and, in turn, the inefficiencies stemming
from biased beliefs.

Our dynamic small-open economy model exhibits three distinctive features, each of

!This practice, traditionally associated with emerging economies, has become more common in ad-
vanced economies like Switzerland and Japan in recent decades (Adler et al., 2021).



which finds empirical support. First, we assume that international asset markets are
segmented, consistent with evidence from currency demand estimation (see, e.g., Hau
et al., 2010, Pandolfi and Williams, 2019, and Aldunate et al., 2022). This implies that
financial flows directly influence equilibrium exchange rates and interventions are ef-
fective, as in Gabaix and Maggiori (2015), Fanelli and Straub (2021), and Itskhoki and
Mukhin (2022). Second, we relax the common, full information assumption. Instead,
we assume that each agent has access to private information about future productiv-
ity, i.e., the economy’s fundamental. As a result, the exchange rate aggregates this
private information and is used as a public signal about productivity. Yet, it is a
noisy signal because noise-trading shocks blur the relationship between exchange rates
and productivity (similar to Bacchetta and Wincoop, 2006). Recent work supports
the notion that exchange rates reflect, at least in part, available information about a
country’s future productivity (Chahrour et al., 2022).? Third, individuals overreact to
the news from their private signals, as in Bordalo et al. (2018), and mistakenly think
of themselves and everyone else as rational agents. This means that agents system-
atically underestimate the response of other agents (similar to Angeletos and Sastry,
2020) and thus overreact to the news contained in the exchange rate. Expectations’
overreaction is well documented in laboratory experiments (Afrouzi et al., 2023) as well
as in surveys. Bordalo et al. (2020) document that forecasters overreact to news about
macroeconomic and financial variables, while Candian and De Leo (2023) show that
this overreaction explains key properties of exchange rate dynamics.

We demonstrate that the macroeconomic consequences of FX interventions depend
on the transparency of the communication surrounding them. We consider a central
bank that intervenes according to a rule that can respond to productivity and noise-
trading 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 FX
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 available to economic agents (akin to Melosi, 2017
and Tang, 2015). In contrast, if the size of the intervention is not publicly announced
(i.e., it is kept opaque), the central bank can alter the information content of the ex-

change rate by appropriate choice of the reaction coefficients in the intervention rule.

2Chahrour et al. (2022) show that a large portion of exchange rate variation emanates from anticipated
changes in future productivity, with a significant component of expectational noise (see also Engel
and West, 2005 and Stavrakeva and Tang, 2020).



This choice affects the extent to which exchange rate fluctuations reflect expectations
of future productivity wvis-a-vis noise trading shocks. For example, a stronger reaction
to noise-trading shocks renders the exchange rate a better signal about productivity.
Likewise, leaning more strongly against productivity shocks lowers the correlation be-
tween productivity and the exchange rate, therefore reducing its informativeness. In
this way, the central bank can use systematic FX interventions as a policy tool to con-
trol the information content of the exchange rate, and “manage expectations” about
economic fundamentals.

Our normative results show that the optimal conduct and communication of FX
interventions depend on the strength of the departure from rational expectations. To
understand this result let us step back and examine the sources of inefficiency in our
small open economy. First, the full-information rational expectation allocation is not
efficient because of international asset market segmentation and noise-trading shocks.
This friction manifests in an intermediation wedge which results in suboptimal external
borrowing due to the excess return required by financiers to hold imbalanced currency
positions (as in Fanelli and Straub, 2021 and Itskhoki and Mukhin, 2022). Second,
dispersed information generally 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 impinge on the belief wedge — the gap between the
average expectations of future productivity and its actual value. Misaligned expecta-
tions of future productivity result in a suboptimal level of external borrowing, and an
intertemporal misallocation of consumption and investment.

We show that the optimal exchange rate policy trades off these two sources of inef-
ficiency, and the trade off is shaped by the degree of expectations’ overreaction. When
agents overreact to new information, the central bank finds it optimal to limit the
informativeness of the exchange rates and thus the fluctuations in the belief wedge.
To achieve this outcome, the central bank engages in opaque FX intervention policy.
In particular, it systematically intervenes in the FX market by offsetting only part of
the noise-trading shock, but without announcing neither the sign nor the size of the
intervention. The exchange rate then remains an imperfect, noisy signal of future pro-
ductivity. In contrast, in the special case of rational expectations, the central bank can
contemporaneously close both intermediation and belief wedges thereby achieving the
first-best allocation (a form of “divine coincidence”). To do so, the central bank offsets

all noise-trading shocks achieving perfect risk sharing while making the exchange rate



a perfectly informative public signal. This outcome can be sustained by appropriate
opaque or public communication of FX intervention.

The model thus presents a novel interpretation of the widespread practice of “sys-
tematic managed floating”: central banks regularly respond to changes in total market
pressure, with a portion reflected in the exchange rate itself and the rest absorbed
through changes in foreign exchange reserves (Frankel, 2019). In our model, when ex-
pectations exhibit over-reaction, the optimal opaque intervention policy controls the
amount of noise in the exchange rate and achieves a lower equilibrium exchange rate
volatility. This approach resembles “fear of floating” (Calvo and Reinhart, 2002), yet
it is distinct from traditional “exchange rate smoothing” as reducing the volatility of

the exchange rate alone does not alter its information content.

Contribution to the literature This paper offers a new perspective on the trans-
mission of exchange rate policy, speaking to central aspects of real-world FX inter-
vention. Notably, the model offers an explanation for two seemingly contradictory
empirical observations: policymakers reportedly believe that FX interventions work
primarily by affecting market expectations, but their communication about FX inter-
ventions is often opaque (Sarno and Taylor, 2001; Patel and Cavallino, 2019). In our
model, FX interventions indeed play an important signaling role. However, when ex-
pectations overreact to news, central banks may find it advantageous to conduct these
interventions opaquely, thereby reducing the informational content of exchange rate
fluctuations. The open-economy macro literature on FX intervention has instead fo-
cused on distinct, complementary motives of FX interventions, such as alleviating the
effects of financial constraints on banks’ lending (Chang and Velasco, 2017), counteract
the effects of shocks originating in FX markets (Cavallino, 2019; Ttskhoki and Mukhin,
2022; Boz et al., 2020), implement a desired exchange rate policy when the interest rate
is at the zero lower bound (Amador et al., 2019), mitigate the distributional effects of
exchange rate fluctuations due to consumption externalities (Fanelli and Straub, 2021),
or address the effects of production externalities (Ottonello et al., 2024).3+4

Our paper studies exchange rate policy transparency within a unified general-

equilibrium framework that highlights the role of expectations’ overreaction, consistent

3Recent empirical evidence on FX interventions includes Kearns and Rigobon (2005), Kuersteiner et al.
(2018), Fratzscher et al. (2019), Menkhoff et al. (2021), and Adler et al. (2021).

4A related literature studies the optimal monetary policy under different currency pricing contracts,
e.g., Gali and Monacelli (2005), Benigno and Benigno (2003), Engel (2011), Devereux and Engel
(2007), Drenik et al. (2021) and Egorov and Mukhin (2023).
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with patterns observed in survey of expectations and laboratory experiments. Instead,
the existing literature on exchange rate policy transparency primarily focuses on cen-
tral bank credibility issues and strategic considerations vis-a-vis market participants
(Bhattacharya and Weller, 1997) . Vitale (1999, 2003) study the signaling role of FX
interventions in a market micro-structure framework, where the central bank trans-
parency is not about the size of the intervention but about its objective, i.e. the
intervention rule. Fernholz (2015) also studies the implications of central bank trans-
parency of FX interventions in a partial equilibrium setting where FX interventions
affect fundamentals.®

This paper revisits the question of the social value of public information in a novel
environment with endogenous signals and departures from rationality.® A key lesson
from the literature, highlighted in Angeletos and Pavan (2007), is that when economic
fluctuations are driven primarily by shocks or other distortions that induce a counter-
cyclical efficiency gap, it is possible that providing markets with information lowers
welfare. These conditions may arise, for example, in the presence of markup shocks
(Angeletos et al., 2016), distortionary taxes (Fujiwara and Waki, 2020), sticky prices
(Fujiwara and Waki, 2022), and even with supply shocks if they are inefficiently shared
across countries (Candian, 2021). When prices aggregate information as in Gross-
man (1976), strategic complementarities that make agents overweight public signals
(Amador and Weill, 2010), or correlated expectation errors that are common knowl-
edge (Hassan and Mertens, 2017) are also known to lead to inefficiencies in the usage of
public information. The reasons for these inefficiencies in our model is new: correlated
errors in expectation formation, i.e., extrapolation of the information contained in the
exchange rate, that are not common knowledge.

We also 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 informa-
tion channel of central bank’s asset purchases, but in a closed economy setting where
interventions are always publicly observed. Iovino and Sergeyev (2021) study the ef-

fects of central bank balance sheet policies in a model where people form expectations

®Kimbrough (1983, 1984) show that flexible exchange rate regimes allow agents to learn from the
exchange rate, but only consider monetary policy.

6To our knowledge we are the first to model extrapolative higher order beliefs formation in the presence
of an endogenous public signal.



through an iterative level-k thinking process, also in a closed economy and without
information frictions. Angeletos and Sastry (2020) study the separate but complemen-
tary question of whether policy communications should anchor expectations 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 par-
ticipants 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 efficiency. 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 in-

tervention by itself introduces noise.”

1 Model

We consider a two-period small-open economy model with a tradable sector and non-
tradable sector extended 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” shocks to the demand for foreign bonds.

1.1 Model setup

The small-open economy is populated by four types of agents: households, final-good
producers, financiers, and a central bank. Households, final-good producers, and fi-
nanciers 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.

See also Chahrour (2014) and Kohlhas (2020).



1.1.1 Households and goods markets

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

utility function:

l1—0 l1—0

C,Z'l—a C,Z'l—a
. +5E0 ( - ) ) (]-)

where C? denotes consumption and Ej is an expectation operator, non necessarily
rational and conditional on information set in ¢ = 0.
Households have an initial endowment of capital, K} = K, > 0, which fully depre-

ciated between periods and is used in the production of tradable goods:
i H i i H i
YT,O =Ky, YT,l = A Ky (2)

Above, A; represents stochastic period-1 productivity. In each period, the household
also receives an endowment of the non-tradable good: Yyo = (1 + a8v)Yy1.® Con-

sumption and period-1 capital are composites of tradable and non-tradable goods:

Co+ K1 = G(Yno Yiy),  C1=G(Yna Vi) (3)
0

where G(Yy,Yr) = [(1 - y)éYNeo%l —i—véYT%]ﬁ is homogenous of degree 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 (3), Yﬁt represents domestic absorption of the tradable
good, which is the sum (difference) of production and imports from (exports to) the
rest of the world Yﬁt = Y%fl +YTlf7 We assume that each island trades with the rest of
the world but not with other islands to avoid full information revelation by inter-island
interactions.

Since the aggregator G is homogenous of degree 1, we have, in equilibrium:
PtiG(YN,ta Y’Ii“,t) = PJiV,tYN,t + Stpj*“,tyjé,ta (4)

where P} is the island-i price of the composite good, and P]i,yt is the island-i price of the

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

8This choice of relative endowment in period 0 and 1 is convenient as it delivers a steady state with
BT :O,QQ :Ql =1 and 00201.



We assume that the foreign-currency price of tradable goods is constant and equal to
Lie Pr,=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 (4) yields the equation determining island-i composite

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\ -9 =

i t

Yr,=x (ﬁ) - Y (7)
t

with y = T ——. The household’s budget constraints are:

PiCy + Py + 1 = ProYno +SoYyy + T,
0

P{C} = B+ Py \Yx1+ S Yy + T

(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, Ty, 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 (8) is the assumption of limited asset market participation. Specifically,
we assume that the household cannot hold foreign bonds (e.g., Gabaix and Maggiori,
2015, Fanelli and Straub, 2021, Itskhoki and Mukhin, 2021). This assumption cap-
tures 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 in (8) yields the following



optimality conditions:

BRE! =1 (9)

(@) ()

Cz —081 Za 1
(@) ]

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

ozBEZ

constraints simplifies to:

BZ
Ro

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

SO(Y;{; Vi) + Ty, —DBi= Sl(Y;ff —Yi) + 11 (11)

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 give rise
to a downward-sloping demand for currency from the financiers. In particular, we
follow the formulation of Fanelli and Straub (2021). In each island a continuum of
risk-neutral financiers trade home and foreign bonds subject to position limits and
facing heterogeneous participation costs, as in Alvarez et al. (2009).

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 — Ry—= |, 12
=28 (R - ) 12
where the zero-capital portfolio island-: financiers and their carry trade profits are,
respectively:
D Di” i D* Dt . D"
Z1.8 =0 LD™ — i ZL .. = R
RO + ORO ) ™ 1 + 81 1 RO*



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

Di"di 1_ S

where EO(Xt) denotes the average expectation of X; across islands, i.e. EyX; =
[ 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
FX interventions, indeed affects the equilibrium exchange rate. The critical parameter
in equation (13) is the inverse demand elasticity ', which governs the strength of
frictions in the international financial market. If I is large, e.g., due to tight position
limits, intermediation is impeded. In the extreme case where [ = oo intermediation
is absent, and foreign bond demand is nil. By contrast, when I — 0, bond demand
adjusts so that expected excess foreign currency returns are nil, and the elasticity is
infinite. Henceforth, we assume I" € (0, 00).

*

. . . 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+ O(*) 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

* . . . . .
above, and 7" is the income from financial transactions of noise traders.

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 Equilibrium characterization

Equilibrium real exchange rate We solve the model using a log-linear approxi-
mation around a steady state with A = 1, N* = F* = 0 and B' = D' = 0 Vi. In
Appendix A.2 we report the island-level equilibrium, and in Appendix A.3 we derive
the solution for the equilibrium aggregate real exchange rate as a function of shocks

and expectations thereof:

le

= N+ - ———=Fa 18
F9w1+w3<1 f7) 0a1 (18)

do
where Fj is the average expectation across all islands and and w; > 0, ws > 0,ws > 0,
and # > 0 are convolutions of parameters independent of T,

The first term of equation (18) describes how shocks to the demand for foreign
bonds by noise traders and central bank induce an exchange rate depreciation, for
a given level of expectations about future fundamentals. To see the mechanism at
play, note that higher demand for foreign bonds by noise traders and/or central bank
requires financiers to take a short position on foreign bonds (eq. (A.8)). To do so,
financiers require a compensation in proportion to I' (A.7): the real exchange rate
depreciates today, so that its expected appreciation guarantees financiers an expected
profit on their long domestic bond position. For completeness, the exchange rate
depreciation also induces an increase in the price of tradable goods, leading to lower

import and reduced borrowing. The resulting decline in households’ demand for more

11



domestic bonds (egs. (A.4) and (A.8)) alters the position of financiers and attenuates
the equilibrium depreciation of the exchange rate.

The second term of equation (18) describes how an upward revision in expected
future fundamental leads to an exchange rate appreciation, keeping the demand for
bond of noise traders and central bank constant. First, a higher future technology
implies a higher future supply of tradable relatively to non-tradable goods, implying
a reduction in the future relative price of tradables, i.e. a future exchange rate appre-
ciation (A.4). By uncovered interest parity, the exchange rate today appreciates (eq.
(A.7)). In terms of financial flows, a reduction in the equilibrium price of tradables
leads households to increase their import and borrowing, issuing domestic bonds to
financiers. Correspondingly, financiers take a short position on foreign bonds and long
on domestic bonds, they require an expected exchange rate appreciation (A.7), which
attenuates today’s equilibrium exchange rate appreciation resulting from the expected

improvement in future fundamentals.

Discussion of assumptions Before we move on, let us discuss some of the assump-
tions that we made.

First, we have distributed agents along a continuum of islands that do not directly
interact with one another other than through a common financial market. Allowing
for further interactions among all islands (for example, via inter-island goods trade)
would completely reveal average expectations and, therefore, eliminate any marginal
informational role of aggregate public signals, may those be aggregate prices such as
the exchange rate or quantities such as interventions.

Second, we have 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 reasons, 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.

9While the nominal interest rate of the small-open economy bond is also observable, we assume that
agents do not use its information to infer the state of fundamentals. However, it is possible to
microfound the uninformativeness of the nominal interest rate by having a local bond market and a
local shock with an infinite noise, which averages to zero in the aggregate. In this setting, the resulting
island-level interest rate would carry no information about aggregates.

12



Third, we have assumed that financial intermediaries are owned by the household.
This assumption ensures that the profits and losses from carry trade activity do not
represent a net benefit or cost to the small-open economy. The implications of FX
interventions of “leakages” from carry trade if financial intermediaries were owned by
foreigners have already been studied by Fanelli and Straub (2021). Instead, we focus,
on the informational role of exchange rates and FX interventions.

Fourth, we have assumed that the small open economy can save in foreign bonds
and physical capital. The presence of physical 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 determinant of the allocation of domestic income between
domestic spending and external savings, as can be seen from (7)-(8). The breakdown
of domestic spending between current consumption and capital investment depends on
the expected marginal product of capital and thus on the expectation of future fun-
damentals, as embedded in (9)-(10). Absent capital, there is a one-to-one relationship
between external saving and current consumption, and that relationship is entirely gov-
erned by the current exchange rate. Thus, a policymaker that is interested in affecting
the path of consumption has no reason to influence expectations if it can directly af-
fect the exchange rate. The presence of capital ensures that, for a given level of the
exchange rate, expectations are a concern for the policymaker because they determine
the allocation of domestic spending between current consumption and investment, or

(in part) future consumption.

1.3 Laissez-faire information structure

We now consider how expectations are formed and introduce two important assump-
tions: dispersed information and extrapolative expectations. In particular, we highlight
the informational role of the exchange rate and its equilibrium determination. In this
section, we discuss the laissez-faire economy, that is the economy without FX inter-
ventions, f; = 0. We then introduce FX intervention policy in Section 2. Under
laissez-faire, the equilibrium exchange rate is:

Fw; N w

2 anl- (19)

q = ——-—>:"NM — —/————— @
° Fle—i—wg ! FQW1+W3

Dispersed information Households and financiers in each island ¢ € [0, 1] can ob-

serve local fundamentals, prices, and quantities, in addition to a local signal about the
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future realization of the technology shock a;:
v'=a+¢€, €~ N5, (20)

with [ €' di = 0 and common prior a; ~ N (0, 8;1).

While agents in each island cannot observe aggregate prices and quantities, they
share the same currency and can therefore observe the aggregate real exchange rate ¢q
given in (18). The aggregate exchange rate is an important endogenous signal because
it carries information about the aggregate expectation of the common future technology

shocks ay. Last, agents cannot directly observe the amount of noise trading (n}).

Extrapolative expectations Consistent with growing empirical evidence (Bordalo
et al., 2020), we consider the possibility that agents do not form beliefs rationally, but
have an extrapolation bias that causes them to overreact to new information. First,

we follow Bordalo et al. (2020) in that agents extrapolate their private signal v*
E'ai]v'] = (14 8)E[a, |[v"] (21)

where [E is the rational expectation operator and the parameter § > 0 governs the
degree of extrapolation.'®

Second, because aggregate prices reflect average beliefs about fundamentals, agents
in every island, when extracting information from the exchange rate, inherently need
to forecast the forecast of agents in other islands. We thus need to specify how agents
form these “higher-order beliefs.” We assume that agents are unaware not only of their
own extrapolation bias, but also about the bias of all the other agent in the economy. In
other words, they think of themselves and every other agents are rational. As a result,
they interpret the endogenous public signal, i.e., the exchange rate, as aggregating

rational instead of actual beliefs. ' That is, agents perceive the exchange rate pricing

10This setting can be viewed as a special case of the “diagnostic expectations” framework, with i.i.d.
shocks and prior beliefs equal to zero (Bordalo et al., 2020). However, while Bordalo et al. (2020)
only consider exogenous private signals, we show how overreaction to exogenous private signals en-
dogenously leads to overreaction to endogenous public signals.

HBastianello 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 their overreaction bias.

14



equation to differ from the actual pricing equation given in (18), and to be

le N Wo
do

= — n, — — Ela|v", G 22
F@wl—i—wg ! F@wl—l—wg [1| QO] ( )

where E[ay|v’,Go] = [*E[as|v’, o] di. Hereafter, we refer to gy as determined by eq.
(22) as the perceived exchange rate process. We show in the next section that this
higher-order belief formation bias leads endogenously to overreaction to the public
signal as well.

Finally, note that the special case of rational expectations corresponds to § = 0.
In this case, not only agents do not extrapolate private information, but also correctly

assume that the other agents do not extrapolate either.

1.4 Learning from the exchange rate

The equilibrium exchange rate solves a fixed point problem: it clears the bond market
given expectations and determines expectations given market clearing, and the other
equilibrium conditions. To solve for the equilibrium exchange rate in terms of the
underlying structural shocks, we adopt the method of undetermined coefficient. We
note that in our model, it is the perceived exchange rate process, rather than the actual
exchange rate process, that determines agents’ expectations. For this reason, we first
conjecture an equilibrium perceived exchange rate process, derive the resulting average
beliefs, and then verify that it satisfies eq. (22).

1.4.1 Perceived exchange rate process

We conjecture that the equilibrium perceived exchange rate process depends linearly

on future productivity a; and noise trading n}
(70 = )\aal + /\bn,l(a (23)

We now define the equilibrium under the laissez-faire information structure.

Definition 1 (Market equilibrium under laissez-faire). Given shocks realization {a,,n}}
and agents’ prior and signals {vi,qb}ie[o,l], a symmetric linear market equilibrium s
defined as

) . S . -
o An allocation ({06a cllv kivy%,07y§“71a Zl adll }iG[O,l});
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e A wector of prices ({qo, 70}, {Péapi}z‘e[o,u);
e A perceived exchange rate process, eq. (23)
that solve eqs. (A.2)-(A.8) and (22) with expectations consistent with eq. (21).

The perceived exchange rate process depends on aggregate expectations about pro-
ductivity, but it is itself an information source for agents when forming their beliefs. As
a result, the relationship between the perceived exchange rate and the two shocks, gov-
erned by (A, Ap), is determined as the solution of a fixed point problem. In particular,

one can rewrite eq. (23) as

In this formulation, %/x, represents an unbiased signal centered around future produc-
tivity a; with a error variance of 5,1 = (%/x2)3, .

To sum up, agent i accesses three sources of information: (i) the prior distribution
of ay; (ii) the private signal, eq. (20); (iii) the perceived exchange rate process, eq. (24).
Each agent thinks of the other agents as rational conditioning on these three signals;

thus, their posterior belief is the average of the signals weighted by their accuracy

vai + Bq;]:_z

Iy )

E’ [fll’Ui, Q] =
We can average posterior beliefs E[a;[v?, §o] = fl E'[a|v?, Go] di using fz vidi = ay
and substitute back in the perceived exchange rate process, eq. (22), to verify the
conjecture, eq. (23). The following proposition characterizes the unique equilibrium of

the model economy.

Proposition 1. The symmetric linear market equilibrium is unique and the perceived

exchange rate process is described by eq. (23) with coefficients

 w By + A,
TOw; + ws Ba + B + A20,
 Twy B+ A%,
B Féwl + ws B

a

(26)

Ab

where A = 3\\—‘;, and A? is unique and implicitly defined by

A2 — ( W2 >2 63 (27)
B le (611 + ﬁv + AQﬁn)Q
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while the explicit solution of A is reported in Appendiz D.

Proof. See Appendix D. O

1.4.2 Actual exchange rate process

We now use the equilibrium perceived exchange rate process to derive agent’s belief
and therefore the actual equilibrium exchange rate. First, agent ¢ forms belief using
three sources of information: (i) the prior distribution of ay; (ii) the private signal, eq.
(20); (iii) the exchange rate. However, agents do not update rationally but suffer from
two biases. First, they extrapolate private information as in eq. (21). Second, they
wrongly perceive that the exchange rate process follows eq. (23). Agent i’s posterior
is

(1+8)Bv" + By

By + Bq + Ba

By = Blalv’, q0] = (28)
We can average posterior belief Ela;|v?, Go] = [ " E'lay|v?, o] di and plug in the actual
equilibrium exchange rate process, eq. (18). The actual equilibrium exchange rate

process thus follows:

wo Bo + N*B,

le 6’0 + AQﬁn n* a
Féwl + ws Ba + ﬁv + A25n ! (29)

- Féwl + ws 51; !
== (1 + (5))\CLCL1 + )\bnf

—(1+9)

qo0

Endogenous extrapolation It is useful to compare perceived and actual exchange
rate processes to understand how the bias shapes in agents’ expectation formation.

Consider the actual public signal in agent’s posterior, eq. (28)

i—i — (1+0)a; — i—inf (30)
If 9 = 0, there is no extrapolation bias and the perceived coincides with the actual
exchange rate process. However, § > 0 leads to a misinterpretation of the endogenous
public signal. We emphasize two important observations. First, while agents form belief
under the impression that they are using an unbiased signal about the fundamental
ai, eq. (24), they are actually using a biased signal, eq. (30). This is a result of their

bias in forming higher-order beliefs. Since agents overreact to their own private signal,
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the aggregate belief loads more on the average private signal, and therefore on the
fundamental, by a factor of (1 + J). However, as agents do not internalize this effect,
they perceive the exchange rate as loading less on the fundamental a; than the actual
exchange rate. This leads agents to extrapolate the information about fundamental
shocks contained in the exchange rate. Intuitively, agents think of fluctuations in the
exchange rate as resulting from large movements in productivity, while they are actually
reflecting smaller movements in productivity amplified by endogenous extrapolation.
Second, the perceived accuracy of the public signal equals the actual accuracy. In other
words, while agents misperceive the mean of the public signal, they correctly perceive
its accuracy. The reason is that the higher-order belief bias resulting from ¢ > 0 does
not affect how the exchange rate depends on noise shock n}.'?

To sum up, since agents are unaware that the other agents in the economy suffer
from extrapolation bias, they underestimate the covariance between exchange rate and

fundamentals, and as a result overreact to its information content. If § = 0, there is

no extrapolation bias and perceived coincides with actual exchange rate process.

1.5 The informational role of the exchange rate

What determines the informativeness of the exchange rate? Proposition 1 describes the
equilibrium relationship between exchange rate and structural shocks. It also describes
how informative the exchange rate is about the fundamental shock, 3, = (*/x,) 5.3
However, the informational role of the exchange rate not depend on its own accuracy
alone, but on its accuracy relative to that of the other signals. The higher its accuracy
relative to the other signals, the higher the weight agents assign to the exchange rate

when forming beliefs.

Definition 2 (Relative information content of the exchange rate). Define the relative
information content of the exchange rate as its accuracy as a signal about productivity
ay relative to prior and private signal. It corresponds to the Bayesian weight on public

. A28,
szgnal: IR = m

12This result is due to the particular structure of the diagnostic expectation bias (Bordalo et al., 2020),
which affects only the posterior belief mean but not the posterior uncertainty. 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).

13 As explained in the previous section, the perceived and actual exchange rate processes have the same
loading on the noise shock nj, and therefore the same accuracy as public signal.
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To illustrate the difference between absolute and relative accuracy of the exchange
rate as signal, we examine two limit cases. First, if consider the case in which private
signals are not informative: there is no dispersion of information, as all participants
possess identical, incomplete information. In this case, the exchange rate does not
have private information to aggregate and therefore it will be uninformative. Both the
absolute and relative accuracy of the exchange rate are nil, and the common prior is

the only source of information.

Corollary 1 (Incomplete, homogeneous information economy). If private signals are

~I‘o.)l
TOwi+ws :

The relative information content of the exchange rate is nil, i.e. Ip = 0, and the overall

fully inaccurate, ¥ — 0, the exchange rate coefficients equal A\, =0 and A\, =

posterior accuracy s nil, i.e. B, + By + B = 0.

Second, consider the opposite case, where agents receive perfectly informative pri-
vate signals. Since the private signal is perfectly informative, the exchange rate, even
though it is a fully-revealing signal, does not provide any additional information to
agents. As a result, its absolute informativeness is positive, but its relative informa-

tiveness is zero.

Corollary 2 (Full Information economy). If private signals are fully accurate, 3, — oo,

The relative

; — w _ Tw
the exchange rate coefficients equal \, = —Féwli% and N\, = réwljrm‘
information content of the exchange rate is nil, i.e. Zr = 0, while the overall posterior

accuracy is infinite, i.e. B, + By + Ba — 00.

Overall, the informational role of the exchange rate is to aggregate individual beliefs.
Thus, if the information is commonly shared among agents, the exchange rate does not
provide any additional information to them. This situation occurs both when the
only information agents have is their common prior (Corollary 1) and when agents
are fully informed (Corollary 2). Away from these two limiting cases, the exchange
rate possesses a non-trivial informational role. Figure 1 depicts the informational
content of the exchange rate for different degrees of dispersion of private information
(and an illustrative calibration of the rest of the parameters). For intermediate values
of dispersed information, the informational content of the exchange rate is positive,
Ir > 0, as the exchange rate does indeed aggregate individual beliefs.

We now illustrate that the informational role of the exchange rate determines agents’

choices and thus macroeconomic outcomes, distinctly from expenditure switching and
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Figure 1: Information content of the exchange rate for different degrees of dispersed
information

Information content of FX (Ir)
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Notes: This figure reports the equilibrium value of the information content of the exchange rate for
different levels of the noise in private signal, o,, under laissez faire. The rest of parameters are set
as follows: 8 = 0.99, a = 0.3, vy = 0.3, § = 1, 0 = 1. The standard deviation of a; is o, = 3,
while the standard deviation of n} is o, = 3. We consider two values for the over-reaction parameter,
d =[0;0.5]. The “No learning from FX” scenario corresponds to a parametrization of o, = co.

wealth effects. To do so, it is useful to first rewrite the exchange rate solution as:

le Wo

= Z~—7’L*—Z —(1
@ F@wl —|— w3 ! ]_—‘le —|— CU3<

v 2
b zEl—i—Aﬁ"

T T A 5,

(31)

Then, to highlight the informational role of the exchange rate, we examine the
model responses to a decline in noise-trader demand for foreign currency (n} < 0, with
a; = 0) as depicted in column 2 of Figure 2.

It is useful to start by considering a version of the model in which agents do not use

vai
Bu+Pa’

therefore Zrp = 0, z = 1 in eq. (31)). The responses under this version of the model

the exchange rate as a signal about fundamentals (that is, setting Eja; = and
are depicted by the red lines in column 2 of Figure 2: a decline in foreign-currency
demand causes an appreciation of the exchange rate through portfolio balance, and,
in turn, results in higher consumption and investment through a wealth effect. The

noise-trading shock only operates through intermediation frictions and its effect on the
le )

’ F9~W1+UJ3 :

Now consider the baseline case in which agents learn from the exchange rate (Zp >

exchange rate is the same as under full information (i.e.

0,and z > lineq. (31)), as depicted by the blue lines in column 2 of Figure 2: agents in
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each island observe the exchange rate appreciation, but do not know whether it stems
from an expected improvement in future fundamental (a; > 0) or to a decline in noise-
trading demand for foreign currency (n} < 0). Agents thus confound, at least in part,
the effect of the noise-trading shock on the exchange rate with the effect of higher
future productivity, thereby revising their beliefs about future fundamental upward
(according to eq. (25)). As a result, households decide to increase their consumption
and investment, relative to the no-learning-from-FX case. This effect is analogous to
an exogenous news shock, but it is due to the endogenous response of the exchange
rate to the decline in foreign currency demand from noise traders.

This change in beliefs implies a second round of effects on the exchange rate, which
appreciates more than in the no-learning-from-FX case. The rational confusion between
noise trading and expected technology 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. In Appendix B we elaborate on the dual role of noise trading, and
show that the model reproduces the empirical findings of Chahrour et al. (2022) that a
substantial portion of the exchange rate variation can be attributed to correctly antici-
pated changes in productivity and expectational “noise,” which influences expectations
of productivity but not the actual realization.

The informational role of the exchange rate is larger when the relative informa-
tion content of the exchange rate, Zg, is larger, as agents assign a larger weight to
the exchange rate in their belief formation. The solid lines in Figure 2 report the
equilibrium responses of the model under different levels of noise in the private signal
0,. As we consider cases closer to the common information economy characterized in
Corollary 1 and 2, where o, approaches zero or infinity, the exchange rate ceases to be
an informative public signal and its information effect becomes zero.

We stress that the information channel of the exchange rate described here does not
rely on expectations’ overreaction, and is operative even under rational expectations
(0 = 0). Yet, expectations over-reaction changes the quantitative role of the informa-
tion channel, as depicted in Figures 1 and 2 for an illustrative calibration of § = 0.5.
Because of expectations’ overreaction, agents not only confound the noise-trading shock
for a fundamental one, but they over-react to this information. As a result, they assign
a larger-than-rational informational role to the exchange rate, and thus equilibrium

variables exhibit an amplified response relative to the rational expectation case.
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Figure 2: Equilibrium responses to shocks for different degrees of dispersed information
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Notes: This figure reports the equilibrium value of model variables for different levels of the noise in
private signal, o,, under laissez faire. The rest of parameters are set as follows: 8 = 0.99, a = 0.3,
v=0.3,0 =1, 0 =1. The standard deviation of a; is o, = 3, while the standard deviation of n} is
o, = 3. We consider two values for the over-reaction parameter, § = [0;0.5]. The “No learning from
FX” scenario corresponds to a parametrization of o, = co.

We have described the information channel conditional on a noise-trading shock.
However, this channel is in place every time agents use the exchange rate as a signal

about future fundamentals. In column 1 of Figure 2 we report the equilibrium re-
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sponses of the model conditional on an increase in future productivity (a; > 0). The
full-information economy response can be seen under o, = 0. In this case, agents
perfectly foresee that productivity will increase, and they respond accordingly. They
resort to external borrowing to increase current consumption and investment (and thus
smooth consumption). When Zr > 0 (and 0 = 0), agents’ signal about future produc-
tivity is imprecise and they use the exchange rate to learn about it. In our illustrative
calibration, this results in a dampened macroeconomic response under rational ex-
pectations (0 = 0) while it can result in an amplified macroeconomic response under
diagnostic expectations (§ = 0.5).

To conclude this section, we provide three recent examples in which the information
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
expectations, facilitate planning, as well as investment, and consumption decisions.”
(Selassie, 2023). 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 in favor of the informational role of the
exchange rate are fairly common 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.

1 Gholampour 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.
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2 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;. We assume that FX inter-
ventions follow:

fr = kynt + ko Eolaq], (32)

which we assume is known to agents.!®

We assume that the central bank, as an aggregate agent, is able to observe aggre-
gate quantities and prices, and therefore the average expectation Ep[a;]. From average
expectation and the exchange rate, it can back out the actual realization a;, meaning
that the central bank has superior information compared to individual agents.! How-
ever, agents understand that the information source of the central bank is the average
belief, and therefore the higher-order belief bias applies to the interpretation of the
central bank’s FX intervention as well.

FX interventions are intermediated by financiers, analogously to noise-trading de-
mand. In this model, FX interventions are effective, i.e., they can affect the exchange
rate, because they alter the balance-sheet position of financiers. For example, a central
bank’s purchase of foreign bond (f; > 0) requires financiers to take a longer position on
domestic bonds. Because of position limits, the domestic bond must provide a higher
excess currency return, and the current real exchange rate depreciates in equilibrium
(18). In addition, FX interventions may alter the information available to agents about
future productivity, as we describe next.

We consider two types of FX intervention communication policy. The first policy
is public FX intervention, where the central bank communicates the size of the FX
intervention to the public, and thus f; becomes common knowledge. The second
policy is secret FX intervention, where the central bank does not reveal the volume of
the FX intervention. We show that, in this case, the effect of the FX intervention is
reflected in the exchange rate, and, by observing equilibrium exchange rates, agents
form a forecast of the FX intervention along with the forecast of the other aggregate

variables.

15In Appendix C, we discuss the case in which FX interventions follow an exogenous process.
160ne could alternatively express the FX intervention rule in terms of the actual fundamental, f; =
RpnT + Rega1 + 5{ , as there is a linear mapping between the two sets of parameters: &, = kq(1 +

v A2gb R ABY
0) giyarrazgr and Ay, = Kb+ o grpppegn-
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2.1 Public FX intervention

Consider first the case in which agents are able to observe the aggregate volume of the

FX intervention, ff. Guess a linear solution for the (perceived) exchange rate process:

- Fw; %
Go = ——— [T + \ar + Ny, 33
’ Fw; + ws ! ' ! (33)
Define ¢y = o — - 9}5 i‘iwg /1 as the equilibrium exchange rate, after the effect of the FX

intervention is “partialed out.” Agents use the exchange rate as signal
A
Znt, (34)

with a error variance of ;! = 343, with A = :\\—%, the same as in the laissez-faire
economy (24). Regardless of the volume of FX intervention f;, as long as it is observed
it does not change the information content of the exchange rate.

However, the FX intervention carries independent information about the shocks to
which it responds. In particular, the FX intervention becomes a public signal about

the average expectations. In fact, rewrite (32) as:

i_lz — Bfa] + 2. (35)
Agents can now access two public signals, the exchange rate (22) and the FX inter-
vention (35), which are two independent functions of the same two components, Fyla]
and n}. As a result, agents are able to perfectly back out the average expectation
Ejylay] and therefore are perfectly informed.!” If agents are rational, they can perfectly
back out the fundamental from average expectations, so that Eo[a;] = a;. If § > 0, the
average belief exhibits extrapolation bias: Eylai] = (1 + 6)ay.
In other words, with a transparent communication strategy by the central bank,

the FX intervention has a signaling effect that increases agents’ information.

Corollary 3 (Public FX intervention). Suppose that f; is observable. The parameters
Ky and Kk, do not directly affect the accuracy of the exchange rate. However, the com-

bined information of the FX intervention and the exchange rate perfectly reveals the

17Consider the following linear combination of signals (34) and (22): (% — Qo Fé%;;““) / (%‘; + = )
This signal would perfectly reveal Ep[a].
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average expectations Fylai], so the economy is in full information. The relative infor-
mation content of the exchange rate Zr = 0 and the overall agents’ posterior accuracy
about fundamental D — oo. The equilibrium perceived exchange rate process is given

. _ w2 _ T'wy
by (A.22) with the same A\, = T and A\, = Twton

As the economy operates under full information, the exchange rate does not carry
any additional information and thus it does not have any information channel. Since

agents are fully informed, the actual exchange rate becomes

we — w1k,
1+ k)Nt — ————(1+9)a;. 36
(14 man = (1 ) (36)

le

Go=—F—"
0 [0w; 4+ w3

When the future fundamental increases, a; > 0, in a laissez-faire economy (such as
the one described by (22)) the exchange rate appreciates, ¢y < 0. The central bank
can amplify this effect by selling foreign bonds, k, < 0, or dampen this effect (and
even reverse it) by purchasing foreign bonds, x, > 0. If k, = F“’—Ufl, the central bank
can completely offset the effect of fundamental on the exchange rate. Similarly, the
central bank can amplify noise shocks by purchasing foreign bond when noise traders
do, kp > 0, or dampen them (and even reverse them) by taking the opposite position
ky < 0. If kK, = —1, the central bank completely offsets the noise shocks by taking a

symmetrical position.

Discussion Note that the result that public interventions lead to full information is
due to our assumption that the central bank is able to observe average beliefs, which
are then revealed by the size of the FX intervention. We make this assumption to
simplify the information extraction problem and the exposition. If the central bank
had not superior but more generally different information with respect to agents, then
public interventions would still increase agents’ information, but only partially. Either
way, transparent communication about FX interventions increases agents’ information

about fundamentals by revealing the central bank’s information.

2.2 Secret FX interventions

Finally, consider the case in which the central bank does not reveal the size of FX
interventions, while still following the rule described in (32). Substituting the central

bank’s reaction function (32) in the exchange rate determination equation (18), one
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obtains

qo = ﬁ(l + Fp)ny — ﬁEom. (37)
Equation (37) reveals that secret FX interventions changes the structural relation be-
tween the exchange rate and the two shocks, and therefore the information content of
the exchange rate.
To solve the information problem, we guess a linear solution for the perceived
exchange rate process

670 - )\aal + /\bn,l(a (38)

which is the same guess as in the laissez-faire economy (23), yet we show that the

equilibrium coefficients A, and A, are different relative to laissez faire.

Proposition 2. (Secret FX Interventions) Suppose the central bank adopts a secret

FX intervention, i.e., fi = kyn} + KaEoay and fi is not directly observed. Then

wy —Twike By + A6,

)\a - - ~ )
F0w1 + w3 Ba + 51} + A2Bn (39)
L'w; Bu + /\QBn
A= (1 4 ) "
Fewl + W3 6’0
in equation (38), where A? is unique and implicitly defined by
—Tw 7\ 2 2
A2 _ < w1~/{a> ﬁv , (40)
le(l + ’fb) (ﬂa + ﬁv + Azﬂn)Q
while the explicit solution of A is reported in Appendiz D.
Proof. See Appendix D. n

Substituting the actual average belief in (18), one gets the actual exchange rate
do = (1 + 5))\aa1 + )\an (41)

Like in the public intervention case, the FX intervention alters the stochastic prop-
erties of the exchange rate, i.e. the structural relationship between the exchange rate
and the underlying shocks. Differently from the public case, however, FX interventions

are not observed and therefore they alter the information content of the exchange rate.
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Corollary 4. The exchange rate accuracy 1 = A2B", its relative information content
Ir and the overall posterior accuracy D are proportional to the correlation between
exchange rate and fundamentals, (wy — TwiR,)?, and inversely proportional to the cor-

relation between exchange rate and noise shocks, (1 + Ry)?.

Intuitively, when the exchange rate is more closely tied to future productivity rather
to the noise-trading, it becomes a more reliable signal of future productivity. Through
FX interventions, the central bank can affect the equilibrium relationship between
exchange rate and fundamentals, thereby changing its information content.

We observe that secret FX policy can manage the information content of the ex-
change rate by appropriate choice of its reaction function (K., k,). Figure 3 reports the
equilibrium information content of the exchange rate for different values of the central
bank’s reaction function (k,, k,) under an illustrative calibration of the model with
0 = 0. It is useful to highlight a number of interesting cases. First, opaque exchange
rate policy can attain the full-information equilibrium if it fully offset 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 future productivity. Second, opaque
exchange rate policy can lead to an equilibrium in which the exchange rate is uninfor-
mative, by fully offsetting the fundamental variation in the exchange rate (under 6 = 0,
this requires x, = «2/Tw;). Note that a special case of an uninformative equilibrium
exchange 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 fundamentals, achieved
by appropriate choice of its reaction function (k,, k). Note that the exchange rate
(free) float is a particular regime of imperfectly informative exchange rate (i.e., the
laissez-faire equilibrium, k, = k, = 0). Under free floating, exchange rate fluctuations
reflect both fundamental and noise, and thus their information content is limited and
constrained by the relative amount of noise in exchange rate fluctuations.'®

Overall, we emphasize that, unlike public FX interventions, secret FX interventions
allow a central bank to “manage” the informativeness of the exchange rate. We next

explore whether the central bank may find desirable to intervene publicly or opaquely.

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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Figure 3: Secret FX intervention and the information context of the exchange rate
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Notes: The figure reports values of the information 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).

3 Optimal Foreign Exchange Interventions

Section 3.1 characterizes the sources of inefficiencies relative to the frictionless alloca-
tion. We show that these are summarized by two wedges: an intermediation wedge
and a belief wedge. We then discuss the determinants of the belief wedge (Section 3.2),
and how FX interventions affect these wedges (Section 3.3). In Section 3.4, we derive

the optimal FX intervention policy.

3.1 Sources of inefficiency

Consider an economy without intermediation frictions (I' = 0) and with full information
and rational expectations (0, = 0 and § = 0; i.e., Epa; = a;). The frictionless

equilibrium exchange rate is
)
@P=—-"a. (42)
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The difference between the baseline market equilibrium (18) and the frictionless allo-

cation is
le éCUQ (09)) —
qo — qu = —= (n’f + fik) + —a | ——— E0a1 —a | . (43)
[fwy + ws | w3 Iow; + ws
Intermediggion wedge Belief wedge

There are two sources of inefficient fluctuations in the economy’s exchange rate. First,
the intermediation wedge represents the suboptimal exchange rate variation due to the
intermediation frictions in the bond market (I" > 0), similar to existing models of FX
interventions with intermediation frictions (Gabaix and Maggiori, 2015; Itskhoki and
Mukhin, 2019, 2022). Second, a belief wedge emerges because of frictions in belief
formation. It stems from the fact that average beliefs may not coincide with the actual

level of future technology.

Proposition 3. Assume that either 0 # 1 or o # 1. Then, the frictionless allocation

can be achieved if and only if Eqar —a, = 0.
Proof. See Appendix D. n

Proposition 3 reveals that both intermediation and belief wedge need to be elimi-
nated for the economy to attain the frictionless allocation. It also means that setting
an intermediation wedge that exactly offsets a non-zero belief wedge in eq. (43) is
not enough to attain the frictionless allocation of the overall macroeconomic equilib-
rium. Intuitively, a non-zero belief wedge affects the broad macro allocation, including
investment decisions. As explained in Section 1.2, a frictionless exchange rate only en-
sures that the allocation of domestic income between domestic spending and external
savings is optimal. Nevertheless, if expectations of future technology are excessively
optimistic, then the split of domestic spending between consumption and investment
would be suboptimal. For these reasons, the frictionless allocation can only be attained

when both the intermediation wedge and the belief wedge are simultaneously zero.'?

19This argument applies outside of the knife-edge case where the intertemporal elasticity of substitution
and the elasticity of substitution between tradable and non-tradable goods are identically equal to 1,
i.e. outside of the Cole-Obstfeld calibration o = 6 = 1.
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3.2 Belief wedge

We now examine the properties of the belief wedge, which arises because of the depar-
ture from the Full Information Rational Expectation Hypothesis. As discussed above,
the belief wedge is proportional to the forecast error, Eya; — a; , which depends on the
beliefs frictions: dispersed information and extrapolation. We elaborate on how these
two belief frictions affect the belief wedge as well as the accuracy of the exchange rate

signal (and discuss the role of FX interventions in this context in Section 3.3).

Rational expectations Consider the case where agents have dispersed information

but rational belief, i.e., 6 = 0. The variance of individual forecast errors is:

1
(Bo + Bg + Ba)

var(E'a|v’, o] — ay) = (44)
It is easy to see that in this case forecast errors, and therefore the belief wedge, are
inversely proportional to the accuracy of public signal j3,. Intuitively, higher informa-
tion lowers forecast errors as long as agents use such information optimally. In other
words, under rational expectations, a belief wedge emerges solely because of dispersed
information. If dispersed information is resolved with a perfectly informative public
signal (as under 8, — 00), then equilibrium average expectations are correct and the

belief wedge is zero.

Corollary 5 (Belief wedge with rational expectations). With rational expectations
d =0, the unconditional variance of the individual forecast error on fundamental (44)

is minimazed with perfectly informative public signal 3, — oo.

Extrapolative beliefs Consider a more general case where agents have dispersed

information but non-rational beliefs, i.e., 6 > 0. The unconditional variance of the
individual forecast error is:

. o(BY ) — #3912 1 14 8)248Y q

var(Ega; —aq) = 015" + 57) 62] — + (1+0)°5 +/B2

(B + B2+ pe)? B (B + B2+ 5°)

(45)

With extrapolative beliefs, the relation between forecast errors and public signal infor-
mativeness is more nuanced. If the exchange rate is perfectly accurate, 3, — oo, the
economy operates in full information but the consensus forecast error variance remains

positive, var(Epa; — a;) = 526_1“‘ Even if the information content of the exchange rate
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is very precise, agents overreact to this information due to their extrapolation bias. As
a result, the belief wedge is positive even in full information.

More generally, for large enough extrapolative bias d, higher public signal precision
has two opposing effects on the belief wedge. First, like in the rational expectation
case, higher precision provides more information, lowering the belief wegde. Second,
higher precision increases the relative weight on the public signal in posterior belief,
and therefore it amplifies the extrapolation bias, increasing the belief wedge. We show
the first effect prevails for low values of signal accuracy, while the second effect prevails
for larger values of accuracy (in this case the wedge is minimized for finite values of

public signal accuracy).

Proposition 4 (Belief wedge with extrapolative expectations). If § < 4, then the
unconditional variance of the individual forecast error on fundamental (45) is mini-
mized with perfectly informative public signal B, — oo. If 6 > S, then the uncondi-

tional variance of the individual forecast error on fundamental (45) is minimized with

By = (Ba+ Bo) oa D > 0, where § = =142,

Proof. See Appendix D. m

To sum up, under rational expectation more information reduces the volatility of
the belief wedge. To the contrary, under extrapolative beliefs higher information might
increase forecast errors as agents use information suboptimally. As a result, a perfectly

informative public signal might not be optimal.

3.3 FX interventions and macroeconomic wedges

In this section, we turn to how FX interventions affect the macroeconomic equilibrium.
In particular, we discuss how public and secret FX interventions impact the interme-
diation and the belief wedges described in Section 3.1. We highlight that providing
information is welfare-improving in the rational expectation case, yet reducing infor-
mation may be welfare-improving in the case of extrapolative beliefs. We postpone a

detailed characterization of the welfare-maximizing FX policy to Section 3.4.
Rational expectations First, consider a public intervention. A public intervention

perfectly reveals the information of the central bank, which in this case is full infor-

mation (Proposition 3). Moreover, with rational expectation and full information, the
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belief wedge is zero (Proposition 5). As a result, the central bank can use the FX

intervention to close the only wedge left, the intermediation wedge:

Ow
(14 Kp)nf + (—2 + Ha> a (46)
w3
The central bank can eliminate the intermediation wedge, and therefore achieve the
frictionless allocation, by setting x, = —1 and k, = —%2.

The same outcome can be achieved through a secret intervention, following the
same reaction function. In fact, offsetting completely the noise-trading shock (k, =
—1) makes the exchange rate signal perfectly informative, and therefore the economy
reaches full information endogenously. To sum up, the central bank can achieve the
frictionless equilibrium by closing the intermediation gap with either secret or public

FX intervention.

Extrapolative expectations With extrapolative expectations it is generally not
possible to close the intermediation and belief wedge simultaneously (Proposition 4).
Thus a second-best problem arises in which the central bank may want to exploit the
intermediation wedge in order to reduce the impact of the belief wedge. A complete

characterization of this trade-off requires a welfare analysis, which we undertake next.

3.4 Normative analysis of FX interventions

We evaluate welfare by taking a quadratic approximation of the welfare function around
the frictionless allocation (see Appendix E for a derivation). The welfare function is
defined as the average expected utility across the islands of the small open economy.
The optimal FX intervention policy is described by the values of (k,, k) in the central
bank’s reaction function (eq. (32)) that maximize welfare under either public or secret
interventions. Figure 4 reports the value of welfare relative to the frictionless bench-
mark under the optimal policy for an illustrative calibration and different degrees of
over-extrapolation, 0. The figure reports the results for both the optimal secret and
public FX intervention policies.

As per Proposition 4, for a low degree of over-extrapolation the belief wedge is
minimized with full information. In this calibration, minimizing the belief wedge is

(part of the) optimal policy, thus public and secret interventions are designed to reveal
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Figure 4: Welfare under optimal public and secret FX intervention policies
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Notes: This figure reports values of different variables under optimal FX intervention policy for
different levels of the over-reaction, §, and for both public and secret FXI policy, for an illustrative
calibration of the model.

the state of the economy, and they achieve the same level of welfare.?’ The state of
the economy is revealed by fully offsetting noise-trading shocks so that the equilib-
rium exchange rate reflects only fundamentals, regardless of whether agents observe
the quantity of bonds purchased by the central bank. Conditional on offsetting the
noise traders, the central bank chooses x, to balance over-borrowing stemming from
over-extrapolation and under-borrowing stemming from intermediation frictions in the
competitive equilibrium. More specifically, the optimal policy allows part of house-
holds’ borrowing demand to be reflected in higher borrowing costs (thus exploiting the
intermediation wedge) to counteract the over-borrowing due to over-optimism.

Our key finding is that, for a sufficiently high degree of over-extrapolation, the
optimal secret FX intervention policy dominates the optimal public FX intervention
policy, by leading to lower welfare losses. In this parameterization, the optimal secret
policy achieves a better outcome by reducing the belief wedge via a reduction of the
information content of the exchange rate (as reflected in the non-zero posterior vari-

ance of ap). In fact, interventions do not completely offset noise trader demand for

20The level of welfare is, however, lower than the one attained in the frictionless equilibrium except
when 6 = 0.
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bonds (k;, # 1) and are less responsive to productivity, overall reducing the correlation
between exchange rates and fundamentals. The central bank thus strikes a balance
between allowing for some inefficient capital flows driven by noise traders and keeping
the information content of the exchange rate low enough to tame over-reaction. Intu-
itively, the optimal secret intervention achieves a superior welfare outcome because it
can affect an additional margin relative to the public intervention — the informativeness
of the exchange rate.?!

In addition, we remark that the secret FXI policy effectively reduces the equi-
librium volatility of the exchange rate, relative to the public FXI policy, especially
in the region of high extrapolation. Without interventions, agents’ over-reaction to
the informational content of equilibrium exchange rate causes excessive volatility in
macroeconomic allocations, which feeds back into the exchange rate. By letting the
exchange rate reflect some non-fundamental volatility, the resulting decline in its in-
formation content acts to reduce the amplification due to over-extrapolation and, in
turn, the equilibrium volatility of the exchange rate. Such feedback mechanism behind
the lower equilibrium exchange rate volatility provides an intuitive rationale for the
widespread empirical practices of “systematic managed floating” (Frankel, 2019).

An interesting implication of our analysis is that whether exchange rates reflect
fundamental or noise is an equilibrium outcome that depends on the optimal design and
communication about FX interventions. In our model, public interventions, if designed
optimally, ceteris paribus should imply an exchange rate that is very tightly related
to future macroeconomic conditions. On the contrary, optimally secret interventions
should result in an exchange rate driven partly by noise trading (as can be seen in the

bottom-left panel of Figure 4).

4 Conclusions

We studied FX interventions in a macro model in which segmented financial markets
and information frictions coexist. Both frictions generate wedges in aggregate con-

sumption relative to its frictionless counterfactual, namely an intermediation wedge

21'With the rule we consider, the public intervention always fully reveals fundamentals. In a world with
more than two shocks, public FXI would not necessarily render the exchange rate fully informative.
However, the distinctive feature of secret interventions is that they can make the exchange rate less
informative than under no interventions, whereas the public interventions always increase or leave
unchanged the information content of the exchange rate relative to no interventions.
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and a belief wedge. We formalized a novel informational role of the exchange rate
in macroeconomic allocation, as agents use the exchange rate to learn about future
fundamentals and make consumption and investment decisions. FX interventions can
contemporaneously influence the intermediation wedge, via the standard portfolio bal-
ance channel, and the belief wedge, both by altering the information content of the
exchange rate and through signaling. We highlighted that their conduct and communi-
cation are important in determining the effects of FX interventions. We then discussed
the challenges that a central bank faces when trying to stabilize the economy, and how
possible departures from rational expectations shape the central banks’ trade-off. A
conclusion of our analysis is that managing the information content of the exchange
rate can be optimal if individuals overreact to available information, and this is best

achieved when FX intervention communication is opaque.
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Appendix

A Model derivations

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 . Financiers also hold a zero-
capital portfolio in home and foreign bonds denoted (dé',p d§,1*)' Financier’s investment
decisions are subject to two important restrictions. First, each intermediary is subject
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 ¢ chooses dil* that

solves
di * 5 X
j:l 7 ~* . j71
. max o E; <R1) —J ==
s 1 0 0
R6 E[fD’D]

where ];’f = R5— Rog—‘l) is the return on one foreign-currency unit holding expressed in
foreign currency and Ej is the same expectation operator as the island-i household’s.

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

investment volume is then

D" RV
ng :jDsign{Eg (31 )}

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

currency bonds on island i, D{" = [ d;‘-’l*dj:

Di* 1 . SO)
=<E,| Ry — Ro—= | . Al
RB r 0 ( 0 0 ( )

Si

22We 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-level equilibrium

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

are.:
o(Eyc; — ) = ro — (Eipi — pp), (A2)
(1 —a)ki = Ej(s1 — p}) + Egar — 1o + (Eipt — pp), (A.3)
i L=
St =Py = — 0 yT,t7 (A 4)

Island-i budget in (11) can be combined and loglinearized as:*3

IL+¢ i i
TyT,O = a1+ aky —yr, (A.5)

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

1 0
116° 119

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

co +

kL =vro =1 (A.6)

F/dll* di = Eosl — S0 — (7“0 — 7’8) (A?)

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

Finally, bond market clearing, (17) implies:

ix 4 1+ ¢ i o1 % px
/dl dl:_T yro di —ni — fi (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

ZThe 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 of the small open economy

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 Ej (s1—pi) + %Eéal - 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 . Wy
P = sp— — (ro — (Egs1 — s0)) + 2 Eia, (A.14)
Ws w3

; 0 w ; 0 wy
Yro = —mw—; (ro — (Egs1 — 50)) + mw—onal (A.15)

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

wy = [loay(1+6) 4+ (1 —a)f + (1 — v)a] wo = [(1—7) + o701 + ab)]
(1 — a)(1+
w3 = (1=a){1+9) [0v0(1+B)+ (1 =) +boay(1+8)+ (1 —a)f+ (1 — )

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

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

excess currency returns and average-expected TFP:

w _ Wo —
qo = So = “1 (7”0 — (E(]Sl — 80)) — —2an1 <A16)
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.17)

and note that, by using (A.15):

; 0 w1 —

iy di = ——— 2L (ry — (s, — L 22p A18

/yT,o ? 1w (7“0 (Eosy SO))+1—7w3 001 ( )

Using (A.17) and (A.18), one can express the average expectation of aggregate

excess home-currency returns as:

— . Féwz E F(,U3

a —(ny + ff A.19
F@wl + w3 F@wl + w3 ( ! fl ) ( )

where 6 = (ngfz))e > 0. Use (A.19) in (A.16), we obtain the aggregate real exchange
rate:
) - 2 E (A.20)
=5=————(n — ———Fyay, .
@ 0 F0w1 + w3 ! ! Fle —f- W3 0T

which is eq. (18) in the paper.

B The dual role of noise-trading shocks

What fraction of exchange rate fluctuations reflects expectations of future fundamentals
relative to independent noise trading? To answer this question, Figure A.1 reports the
decomposition of the exchange rate into the part that reflects expectations about future
fundamentals Ey(a;), and the part that is due to noise trading nj (see eq. (18)).

Under common information (o, = 0 or g, = 00), we observe that there is a clear
demarcation between Ey(a;) and n}. Under full information (o, = 0), agents can
perfectly separate fundamental shocks from noise-trading shocks, and thus exchange
rate fluctuations can be unequivocally attributed to either Ey(a;) or nj. Under no
information (o, = o0), all the variation in ¢o inevitably reflects only noise-trading
shocks, since agents have no advance information about a;.

However, when information is dispersed (o, € (0, 1)) and thus agents learn from the
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exchange rate (Zr > 0) the distinction between FEy(a;) and nj is blurred: the exchange
rate is a public signal, and noise-trading demand is the noise in the public signal,
blurring the relationship between expectations of fundamentals and their subsequent
realization. In fact, noise-trading shocks have a dual role in models where the exchange
rate is a public signal (Bacchetta and Wincoop, 2006): they affect the exchange rate
by altering the balance sheet position of financiers, and, by affecting the exchange rate,
they also influence agents’ expectations of a;. As a result, the portion of fluctuations in
Ey(aq) due to a; result in subsequent changes in a1, while the portion of fluctuations in
Ey(aq) due to n} are not associated with subsequent changes in a;. Relatedly, because
of this dual role of n7, there is an interaction between the pure noise-trading effect and
the effect of noise trading that operates through it being the noise in the public signal
(Eop(a1) due to n}), as depicted in Figure A.1.

Figure A.1: Decomposition of the exchange rate variance for different degrees of dis-
persed information

I o) dve to @y [ Fofan) dve to i N v

< e e
i~ > oS

e
b

Variance share of exchange rate (qy)

o

2 4 6 8 10
Std. dev. of private signal (o)

Notes: This figure reports the decomposition of the exchange rate variation for different levels of the
noise in private signal, o,, under laissez faire. The rest of parameters are set as follows: 8 = 0.99,
a=0.3,v=0.3,0 =1, 0 =1. The standard deviation of a; is o, = 3, while the standard deviation
of n] is 0, = 3. In this figure, the over-reaction parameter, § = 0.

Our model aligns with the empirical findings of Chahrour et al. (2022) about the
source of fluctuations in the USD exchange rate. They reveal 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
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that information is dispersed (o, > 0), and thus agents learn from exchange rates, and
thus offers a novel insight into the empirical relationship between exchange rates and

macroeconomic fundamentals.

C Exogenous FX intervention

Assume now that the FX interventions follow a random process, i.e. ff = e/ with

el ~ N (0,5-1). While we acknowledge that in practice central banks do not follow
a completely random FX intervention rule, this case is useful to build intuition and
illustrates how FX interventions affect the information content of the exchange rate.In

this case, the equilibrium exchange rate is determined according to:

. le
F@Noul + w3

W9 —

* f*
ny+ey ) — —————Fya,. A21
% () 1) 6w, + w3 o ( )

Equation (A.21) shows that exogenous FX interventions represent an additional, ex-

ogenous shock to the foreign exchange market.

C.1 Public exogenous FX intervention

Let us first consider the case in which agents are able to observe the aggregate volume

of the FX intervention, 5{*. Guess a linear solution for the (perceived) exchange rate

process:
~ L'w; *

Jo = —=—— f1 + Aaar + 1], A.22

Iow; + ws ! ¢ ! ( )

where f; = el”. Define do = Go — Féul—)‘f—&l-wg 17, as the equilibrium exchange, after the

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

A
B — g+ 2ok, (A.23)

with a error variance of /6’;1 = %Bg U with A = i—%, the same as in the laissez-faire
economy (24). Following the same solution method as in section 1.3, one reaches the

same equilibrium A, and A, as in (26).

Corollary 6 (Public exogenous FX intervention). Suppose the central bank adopts a

public exogenous FX intervention rule, i.e. f; = el and fr is directly observed. A
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more volatile FX intervention does not affect the relative information content of the
exchange rate Ir nor the overall agents’ posterior accuracy about fundamental D. The
equilibrium perceived exchange rate process is given by (A.22) with the same X\, and A,

as in the laissez-faire equilibrium (26).

Since the intervention is public, agents can partial out the intervention from the
exchange rate when they solve their signal extraction problem. It follows that the inter-
vention does not affect the information content of the exchange rate. Moreover, since
the intervention is random, it only adds non-fundamental variation to the exchange
rate. Substituting the actual average belief in (A.21), one gets the actual exchange
rate

lw

+ (1 +9)Nar + Apn7, A24
qo = F9@)1_'_003][1 ( ) 1 bl ( )

C.2 Secret exogenous FX intervention

Consider now the case in which the central bank does not reveal the aggregate volume
of the FX intervention. Notice that the intervention 5{ " and the noise shock nj are both
unobservable exogenous shocks to the exchange rate (A.21). Guess a linear solution

for the perceived exchange rate process
Go = A1 + Mp(nt + 7). (A.25)
Agents use the exchange rate as signal

A
b _ ai + 22 (nt + e, (A.26)

Aa Aa
with a error variance of (3 1 = =5 (Bt + B with A = :\\—g Since the FX intervention
is unobserved, it increases non-fundamental volatility to the exchange rate similarly
to the liquidity demand from noise traders, and therefore decreases the information

content of the exchange rate Zp.?*

24In addition to directly increasing exchange rate non-fundamental volatility, higher FX intervention
volatility also decreases the load of exchange rate on non-fundamental shock A2. This second effect
dampens the initial decrease in exchange rate informativeness Zg, but it cannot reverse it. Intuitively,
as the exchange rate becomes less accurate, agents put more weight on their own private signals. As
a consequence, the exchange rate can now aggregate more private information and becomes therefore
more accurate, attenuating the initial decline in accuracy.
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Proposition 5 (Secret exogenous FX intervention). Suppose the central bank adopts
a secret discretionary FX intervention, i.e. f; = 5{* and ff is not directly observed. A
more volatile FX intervention decreases the relative information content of the exchange
rate Zr and agents’ posterior accuracy about fundamental D. The equilibrium perceived

exchange rate process is given by (A.25) with N\, and X\, described in Appendiz D.

Proof. See Appendix D. m

Proposition 5 reveals that, when implemented secretly, FX interventions have an
information effect. In particular, secret exogenous FX interventions alter agents’ ex-
pectations of fundamentals by reducing the informativeness of the exchange rate. Sub-

stituting the actual average belief in (A.21), one gets the actual exchange rate

g = (1 + 0)Naay + Mo(nt + 7). (A.27)

D Proofs

Proof of Proposition 1. Plug (25) in the solution for the perceived exchange rate pro-
cess (22):

g 11 T v
=142 0O ] { kel NS {LB—} al} (A.28)
F9w1 + ws D/\a F9w1 + ws F9w1 + ws D
To find the undetermined coefficients, set (A.28) equal to the guess (23). You get
v q
L B N {H w B ]
Fewl + w3 D FGwl + w3 D)\a (A 29)
N W B+ p1 '
¢ DOw; +ws D
and
T q
NL =\ |:1 + _ (o9 /B :|
F0w1 + w3 F@Ml + w3 D>\a (A 30)
A Fw; By + 5(]

b Féwl + w3 /611

Take the ratio \ 5
a W2 v

Zo _ _H2 M A.31

b I'wy D ( )
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Define A = ’\“ Then:

wa ﬁv

A=—
le 51) + Ba AQBn

A.32
A3+(ﬁ” B“)Aqtﬂ@_o A
571 ﬁn le ﬁn
Define p; = (5“55“ and py = 2 ’BZ Thus, rewrite (A.50) as
AP+ piA+py =0 (A.33)

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

If
1. the cubic equation is of the form in (A.51)

2. p1 and py are real numbers

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

Then, equation (A.51) has:

2 3 2 3
VN . G RN V. A3
\/2+ 4+27+\/2 17 (A.34)

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

(i) the real root:

[
Proof of Proposition 2. Plug (25) in the solution for the exchange rate (37):
Wo — lel%a ﬁq :|_ { F(.L)l - Wo — lelzéa BU:|
=14 ——(1+ — 1+k)n — | ———(14+0)—= | a
@ Fle + W3 ( )D)\ F0w1 + (.U3( b) ! Fle —I— W3 ( ) D !
(A.35)
To find the undetermined coefficients, set (A.35) equal to the guess (23). You get
—T ~a v 39
N = 2 Twika g 5 075 (A.36)
Fle —|— W3 D
and
Fw; _ Byt Bq
= —=———1+kKp)—5— A.37
’ F9w1 + w3 ( b) 51) ( )

49



Take the ratio

)‘a Wy — le’%a /B’U
Zo T2 ~Tva P A.
N Tairm YD (4.38)
Define A = j\\—z Then:
B
A= ——"2(14+6
le ( )611 + 611 + Azﬁn
6 g - 4 (A.39)
A3+< Loy “)A+2_—1~“ 1+0)2 =0
5 ) M e R TV,
Define p; = (’B”JFB” and py = %(1 + 6)?—2 Thus, rewrite (A.50) as
A+ piA+py=0 (A.40)

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

[ 2 3 [ 2 3

3 P2 P2 | P1 3 P2 P2 | Pi
——= =+ — ——= —\ =+ = A4l
\/ 2 * 4 i 27+\/ 2 4 * 27 ( )

]

solution:

Proof of Proposition 3. First, we derive the gap between baseline investment and its
frictionless counterpart. To do so, sum (A.13) across islands ¢ to and use [ pi di =0,

for t = [0, 1], and use (A.16) to express the small-open economy investment as follows:

. 1 — — _
ky = / ki di = {“’1 o + 2 ‘”2130@1}. (A.42)

11—« w1 w1
The investment gap, relative to the frictionless investment allocation obtained under

I' =0 and Eya; = ay, is therefore:

1 — — _
ki — k‘fB = _W'g, k! (q() — qu) + W1 T (an,l — al) . (A43)

11—« wq w1

Belief wedge
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Also, recall the exchange rate gap from eq. (43):

1 O _
—gfP = —— | Tw, |(n*+ *—l——za}—w (Ea—a) ) A.44
do — 4o 0wy + w5 1\( 1 fl) s 1 2 001 1 ( )

Intermediation wedge Belief wedge

Equations (A.43) and (A.44) together deliver three implications. First, one can nat-
urally attain the frictionless allocation if both intermediation and belief wedges are
simultaneously closed.?> Second, if the belief wedge is non-zero, one can attain the
frictionless allocation if and only if w; — ws = 0, i.e., if expected productivity has no
effect on investment other than through its effect on the exchange rate (see (A.43)).

Using the definitions of w; and w, in Appendix A.3, we note that:
wi = = (1= ) [0(1 - 07) — (1 - 7). (A.45)

and, thus, w; —wy = 0 if and only if § = ¢ = 1, the so-called Cole-Obstfeld calibration
(Cole and Obstfeld, 1991). In this knife-edge case, one can attain the frictionless

allocation by engineering following relationship between wedges:

QNWQ 0%) —
ny+ 1)+ —a| = = | Eoas —ay | . A.46
(ny + f7) s 1 T, 0a1 1 ( )
N ~~ ~ —
Intermediation wedge Belief wedge

Third, and most importantly, note that outside of the Cole-Obstfeld calibration the

frictionless allocation cannot be attained unless both wedges are simultaneously closed.

]
Proof of Proposition 4. Take the limit of eq. (45) for 5, — oo and 3, — 0:
. i 2 1
lim var(Eja; —ay) = 0°—
Bg—ro0 ﬁ‘l
(A.47)

, 63Y — B L + (1+6)28,
pti oy = O

Z5Indeed, one can show that, if go = ¢4'Z and k; = kI'B| then the baseline allocation coincides with the
frictionless allocation for every variable.
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As a result, limg, _, var(Eja; — a1) < limg, o var(Eja; — aq) if § < 1. Moreover,

ovar(Ejay —ay) 1
9fq (B et )R

{(B"+ 691 —2(1+6)] = 1 —26(1 + 9)[}-
(A.48)

We can distinguish two cases. If [1—-20(144)] >0 < 6 < #g’ then dvar(Ejai—a1) /o5, <

0, and the belief wegde variance declines in public signal accuracy. If [1 —2§(1 +6)] <

0< 6> _1+‘/§ , then dvar(Egai-a1)/gg, < 0 as long as 0 < 3, < (B, + ﬁv)ll 225(11156 and

0 var(Ejai—a1 /aﬁq > 0 as long as (8, + @J)% < By < 0.

As a result, if 6 < 1+*f the global minimum is reached at g — oco. if § > = \/g’

the global minimum is reached at By = (Ba + Bv) 11 225(11165) O

Proof of Proposition 5. Following Proof of Proposition 1, plug (25) in the solution for
the exchange rate (22) and get the equilibrium As

_ w2 ﬁv + 6q
F@Nwl + w3 ﬁv + Ba + ﬁq
A4
)\b = le 6” + ﬁq ( 9)
Féwl + ws 61;
Define A = A“ Then, since 8, = A?(8,' + 81!
A= — Wa 67)
Py By + B+ A2(5,1 + 621) 7
(A.50)
A3+< ﬂv+ﬁa )A+ ﬁv -0
(Bt + 8171 Fwy (B, + 6217
Define p; = (55@% and p; = £ m Thus, rewrite (A.50) as

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

2 3

Pz P1 s P
— \/— — — = =4+ = A .52
\/ + +27+\/ 4+27 (A.52)

]

solution:
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E Welfare Approximation

We evaluate welfare using an utilitarian criterion in which every island of the small

open economy receives the same Pareto weight. Welfare is therefore defined as:

i1—0 il—0o
W:/EWidi:/E % +5<f1 )] di. (A.53)
— 0

1—0o
We consider a second-order approximation of the above welfare function around the

steady state of the frictionless economy, meaning with no intermediation frictions I' = 0

and with perfect information Ela; = a;:

o1 i . i :
W, = C* {[co + 5(1 — o) (eh)?] + Blér + 5(1 - a)(cl)z]} +ti.p. + O(€]]), (A.54)
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
max = 1 =2 = 1 =2
W~ [¢o + 5(1 —o)cs) + Bler + 5(1 —0)cq] (A.55)

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.
We can write ; = ¥; + T; so that ; = I; — T; represents gaps from the efficient

allocation. We then have:

4 1 1
W — W™ x & + Bé + 5(1 —o) (¢ —¢c)+ B§(1 — o) (¢f — &) (A.56)

To eliminate the linear terms in (A.56), we characterize Cy and C by taking a second-
order approximation of the equilibrium market clearing conditions in (3). To lighten
notation we drop the ¢ subscript in the following derivations. Starting from C, we
obtain:

Ly

S O . X
1+ §Cf =yra+ 55(7 +0 - 197,
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Now square the first-order approximation:
¢t =7y,
to get rid of ¢2 above and obtain:

0—1

. . 1 .
C1 = YYra + 57(1 - ’V)TZ/T,1 (A.57)

Similarly for ¢y, the second-order approximation of (3) yields:

. 1. A 1- . 1
o+ 50(2) + ok + Ek%) = (1 + o)y + 5(1 + )

SR

(v +0—1)97,0 (A.58)
Once again, use the square of the first-order approximation:
&= ¢2/%% + (1 + ¢)272Qf2r,0 —2y(1+ ¢)¢]%13)T,0 (A.59)

to get rid of ¢ above and obtain, after some manipulations,

: A 1 L1 -
¢o =Y(1 + @)Jro — Pk1 — §¢(1 + kT + §fyi2r,o + (1 + ¢)Pk19r,0, (A.60)

where we defined & = (1 + ¢)v [(1 —7)%* —v¢]. Now we consolidate the budget

constraints, imposing 7 = 1:

1 1
YTJ == EKS - EYT,O + AlK? (AG].)

to obtain a second-order approximation for Yr;

R 1. 1 . 1. . ~ 1 A o R
Ur1 + §y%1 = _E(l + ¢) (yT,o + §y;2p70) + (a1 + ak; + 5 (anf + 2000,k + a%))

and substitute it into (A.57) and simplify to obtain:

€ =- 75(1 + @)Jro + v + yaks + % {042/5% + 20inky + a3 —
Y

1 01 .
+3 [(1—7)7—1} U7

1
(Gt ;gb) ym}
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Multiply the above expression by £ to obtain:

Ber = —v(1 4 @)yro + vBar + 70451451 + = by {042]%% + 2ad1ky + aj — u ; ?) ?)%,0}
1 0—1
+300 [- 0Tt -1 i, (A.62)
Then use (A.60) and (A.62) to evaluate ¢y + 3¢ = (¢o — o) + f(¢1 — &):
~ _ 1 1 ~ _
o + Bcy = —g(l +¢—a)(ki — k7)) + 5(5 — By ( ; (b))(?JTo ?%,o) +v(1 + ¢)p(k1dr0 — kryro)+

0—1

ol = k) + g7 (=D~ 1] - ) (A.63)

Finally, substitute (A.63) in (A.56) to eliminate linear terms from the welfare expres-

sion:
W= =500 — a2 - )+ 56— i )0 - )
va+mm&mm—mwm+¢m@rwm+§m[u—w9§1—ﬂw% )
50 -0) (@ =) + 8501 -0) (& - &) (A64

Equation (A.64) is the expression we use in all our welfare-related calculations and

results.
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