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Abstract

This paper uses zero and signs restrictions to study the effect of the U.S. forward guidance
and unanticipated monetary policy on four U.S. bilateral nominal exchange rates and net ex-
ports. I find that although the U.S. forward guidance easing depreciates the exchange rate, the
policy does not transmit to the real activity via an “expenditure-switching effect” on the net
exports. The use of narrative sign restrictions improves the identification method. The comple-
mentary results are as follows: a VAR model augmented with interest rate forecasts contains at
least enough information to identify the forward guidance and unanticipated monetary shocks;
the nominal bilateral exchange rates depreciate by two to four percent after a 25 basis point
forward guidance easing in a hump-shaped pattern without any deviation from the Uncovered
Interest rate Parity condition; both shocks explain between 7.3 percent to 27.9 percent of the
exchange rates variance, and the forward guidance shock contributes to at least half of this vari-
ance decomposition; finally, forecasters perceive the forward guidance shock as future deviation
from the Taylor rule.
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Email: fabrice.anicet.dabire@usherbrooke.ca.

1

mailto: fabrice.anicet.dabire@usherbrooke.ca


1 Introduction

This paper empirically examines how the Federal Reserve (henceforth Fed) communications on

future policy rate affect the U.S. economy via the nominal bilateral exchange rate. In their works,

Mishkin (1995), Taylor (1995), Bernanke and Gertler (1995), Boivin et al. (2010) list four transmis-

sion channels of monetary policy on the real economy: the interest rate channel, the consumption-

based channel, the credit channel, and the exchange rate channel. The exchange rate one which

is linked to the international effects of a country’s monetary policy is highlighted in the Mundell-

Fleming model. In this model, a domestic country’s currency depreciation following a monetary

easing leads to an “expenditure-switching effect” towards domestic goods, and thus increases the

country’s trade competitiveness and net exports (Friedman et al., 1953; Cumby and Obstfeld,

2007). In the aftermath of the 2008 financial crisis, the Fed was accused of engaging in “cur-

rency wars.” The strong policy measures used such as quantitative easing and forward guidance

potentially improved the U.S. competitiveness according to some Emerging Markets Economy’s

policymakers (see e.g., Wheatley and Garnham, 2010). However, Bernanke (2017) looking at data

on the net exports contribution to U.S. GDP argues that exports did not drive the U.S. post-

crisis growth. Furthermore, he adds that the U.S. monetary policies tend to mainly increase global

aggregate demand. A natural question arises in this context: is there empirical evidence of an

improvement in U.S. net exports after U.S. monetary policies, particularly the U.S. forward guid-

ance? To answer the question, first, I identify anticipated shifts in U.S. monetary policy caused

by the Fed statements labelled in the literature as “forward guidance.” I use a structural vector

autoregressive (SVAR) model with quarterly data and apply zero and signs restrictions to identify

the forward guidance and unanticipated monetary shocks. Thereafter, I compare their effects on

the exchange rate and net exports. The data comprise U.S. and foreign variables, four bilateral

nominal exchange rates (U.S. dollar against U.K. pounds, Canadian dollars, Euro, and Japan Yen)

and the U.S. 3-month treasury bill (T-bill) rate forecasts. I define the forward guidance shock as a

shift in the 3-month T-bill rate forecasts that immediately affects the real GDP, CPI, and exchange

rates but, has no contemporaneous impact on the current 3-month T-bill rate. The shock is defined

in this way because economic agents have information about future policy, that potentially affect

their expectations and forecasts of future fundamentals such as the interest rate.

This paper contributes to the empirical literature on forward guidance in two ways. First, I

show that although a 25 basis point U.S. forward guidance easing immediately increases the U.S.

real GDP and depreciates the U.S. dollar in a range of two to four percent, it does not improve

the U.S. net exports. Second, I propose an improvement of the shock identification with quarterly

data via narrative signs restrictions following Antoĺın-Dı́az and Rubio-Ramı́rez (2018) and data

from Sutherland (2020). As pointed by Swanson (2021), estimating the effects of forward guidance
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on macroeconomic variables should be a top priority. Therefore, improving the quarterly data

approach is crucial because previous works rely on high frequency data to identify the forward

guidance shocks. As a result, they mainly measure the responses of financial variables because of

the lower frequency of macroeconomic data. The remaining complementary findings are as follows:

a sufficient information test shows that a VAR model augmented with interest rate forecasts con-

tains at least enough information to identify the shocks. As predicted by theory, the exchange rates

overshoot after a U.S. unanticipated monetary shock, i.e., following the unanticipated monetary

easing, the maximum depreciations occur immediately and are followed by subsequent apprecia-

tions. Conversely, the exchange rates depreciate in a hump-shaped manner similar to a delayed

overshooting pattern after a forward guidance easing, except for the U.S. dollar against Japan Yen.

I argue that one should expect this exchange rate pattern following a forward guidance shock as the

shock affects market expectations. So, instead of anticipating future appreciations after the initial

depreciations, the forward guidance easing steers market expectations toward further depreciations.

A missing hump-shaped responses could therefore be considered confusing in the case of a forward

guidance. The cumulative contribution of the two monetary shocks to the exchange rates variance

is in a range of 7.3 percent to 27.9 percent, and the forward guidance shocks contributes to at least

half of the variance decomposition coming from both policies. I find no systematic excess return

after both shocks. This is not surprising for a forward guidance since it steers market expectations

in the opposite direction to what one would expect with the uncovered interest rate parity (UIP)

condition. However, for the unanticipated shock, I attribute the missing excess return to the fact

that the sample is mostly dominated by the post-Volcker era data. I find evidence of positive

spillovers from the U.S. forward guidance on the U.K. and Canada based on the positive responses

of their respective real GDP. The real GDP in both countries increases by about 0.5 percent after

the U.S. forward guidance. Finally, forecasters perceive the identified forward guidance shocks as

credible deviation from the Taylor rule since they affect the responses of the GDP and CPI forecasts

in the opposite direction to what the Taylor rule predicts.

This paper is linked to the vast empirical and theoretical literature on the link between exchange

rate and the U.S. forward guidance and their spillovers effects1,2. The empirical approaches in the

previous works mainly use high-frequency data to identify the forward guidance shocks on very short

time intervals after the news announcements. They look at how daily changes in the exchange rate

1The empirical and theoretical literature on forward guidance in closed economy includes: Gürkaynak (2005),
Campbell et al. (2012), Del Negro et al. (2012), D’Amico and King (2015), McKay et al. (2016), Best and Kapinos
(2016), Gomes et al. (2017), Kaplan et al. (2018), Gabaix (2020) Ben Zeev et al. (2020) among others. Their results
support the effectiveness of forward guidance on the current state of the U.S. economy with a “forward guidance
puzzle”, that is, the New-Keynesian model tends to overestimate the effect of long horizon forward guidance on the
economy than what is found in the data.

2There is also much empirical evidence documenting the effect on unanticipated monetary policy on the exchange
rate starting with the seminal paper from Eichenbaum and Evans (1995), Clarida and Gali (1994), Faust and Rogers
(2003), Scholl and Uhlig (2008), Bjørnland (2009), Bouakez and Normandin (2010), Kim et al. (2017) among others.
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relate to change in the Fed funds futures rate on days in which the actual Fed funds stays constant.

Using this approach, Fatum and Scholnick (2006), Hausman and Wongswan (2011), Ferrari et al.

(2017) and Curcuru et al. (2018a) find strong evidence that when markets increase their expectations

of the Fed funds rate, the dollar appreciates. Inoue and Rossi (2019) estimate a VAR with exchange

rates and raw yield curves at different maturities. They conclude to identical effects in terms of

magnitude and shape of large-scale assets purchases (LSAPs) and forward guidance on exchange

rates to those in the periods outside of the zero lower bound. Rogers et al. (2018) estimate a SVAR

with U.S. and foreign interest rates to identify the forward guidance shocks and other monetary

shocks. They use high-frequency monetary policy surprises as an external instrument and find that

U.S. forward guidance easing depreciates the dollar with little evidence of delayed overshooting, and

an effect on the risk premium. Gaĺı (2020) finds that the anticipated real interest rate differential

between the U.S. and the Euro area at different horizons affects the bilateral real exchange rate. He

also finds that contrary to the benchmark small open economy New-Keynesian (SOE-NK) model

predictions, in the data the effect of forward guidance is stronger when the future interest rate

differentials are supposed to happen in the near future. He named this mismatch between the

theory and the data, “forward guidance exchange rate puzzle.” Finally Swanson (2021) extends

Gürkaynak (2005) approach to identify U.S. unanticipated monetary, forward guidance and LSAPs

policy with high frequency data. He finds that forward guidance and LSAPs had substantial and

persistent effects on a variety of financial assets including exchange rate, and that they are effective

substitutes for conventional monetary policy. Although they find strong evidence of the forward

guidance effect on the exchange rate, all the aforementioned papers do not discuss the empirical

effectiveness of an “expenditure-switching effect” after the shock. However, some theoretical works

assess the exchange rate channel transmission of the forward guidance and its spillovers. Cook

and Devereux (2016) use a New-Keynesian two-country framework to study the effect of forward

guidance at the zero lower bound (ZLB). They show that an optimal credible forward guidance

i.e., central bank’s commitment to accommodative monetary policy in the future is a useful tool to

activate the monetary policy exchange rate channel transmission with potential spillovers. André

and Traficante (2020) using a SOE-NK with risk premium find that forward guidance is more

powerful in the open economy than the closed economy due to the real exchange rate. Yet, to the

best of my knowledge, there is still no evidence indicating whether this mechanism exists in the data.

in regards to the international spillovers of the U.S. forward guidance shock, Rajan (2015), Jones

et al. (2018), Curcuru et al. (2018b), Rudel and Tillmann (2018), Albagli et al. (2019) find that

the U.S. unconventional policies including forward guidance have some potential destabilizing real

and financial spillovers onto other economies, mostly emerging markets and developing economies.

My work suggests that although forward guidance shocks have positive effects on the real

economy, the data do not show any amplification effects of the policy on the real economy via

the exchange rate channel. The loose shocks depreciates the nominal exchange rate, but the real
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quantities exported by the U.S. do not significantly exceed the quantities imported to improve net

exports. Therefore, the forward guidance easing does not reduce the competitiveness of the U.S.’s

developed trading partners to the benefit of the U.S. economy.

The rest of the paper is structured as follows. Section 2 presents the sign of the responses

the main variables of a two-country New-Keynesian model to a forward guidance shock and the

underlying intuition. Section 3 presents the VAR model, the data and discusses the sufficient

information test and the identification of the forward guidance. Section 4 presents the estimation

results. Section 5 presents the narrative sign restrictions results and some robustness analyses.

Finally, section 6 concludes.

2 The two symmetric countries New Keynesian (NK) model

The model is an extension based on the small open economy framework of Gali and Monacelli (2005).

It comprises two symmetric countries: Home (H) and Foreign (F ). Both countries are populated

with a continuum of unit mass households h ∈ [0, 1] and f ∈ [1, 2] respectively. Households in each

country have access to a complete set of domestically and internationally traded contingent claims

(complete financial markets) and goods. Firms in the world economy produce the differentiated

goods in a monopolistic competition market and face nominal price rigidities à la Calvo (1983).

Finally, the model always assumes that the law of one price holds for each individual’s goods, but

the purchasing power parity holds for a certain degree of trade openness.

2.1 The log-linearized six equations for the two-country model

The above setup is solved and log-linearized around the steady state. Appendix A gives the model

complete derivation and the definition of the structural parameters. The model is here summarized

by the following equations:

ỹt = Et (ỹt+1)−
1

σω
{it − Et (πH,t+1)}+

ω2

ω2 + 1

{
Et
(
ỹ∗t+1

)
− ỹ∗t

}
+

1

σω
rnt (1)

ỹ∗t = Et
(
ỹ∗t+1

)
− 1

σω

{
i∗t − Et

(
π∗F,t+1

)}
+

ω2

ω2 + 1
{Et (ỹt+1)− ỹt}+

1

σω
(rnt )

∗ (2)

πH,t = βEt (πH,t+1) + κω (ỹt + ỹ∗t ) + it (3)

π∗F,t = βEt (πF,t+1) + κω (ỹ
∗
t + ỹt) + i∗t (4)

it = ρiit−1 + (1− ρi) (ϕππH,t + ϕỹỹt) + vt (5)

i∗t = ρi∗i
∗
t−1 + (1− ρi∗)

(
ϕ∗ππ

∗
F,t + ϕ∗ỹ∗ ỹ

∗
t

)
+ v∗t (6)
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Equations (1) and (2) are the Home and Foreign dynamic IS (DIS) curve respectively. Equations

(3) and (4) are the Home and Foreign New-Keynesian Phillips curve (NKPC) respectively, and

equations (5) and (6) are the Home and Foreign monetary policy Taylor rule. The variables are

define such that ỹt and ỹ∗t are the Home and Foreign country output gap respectively, πH,t and

π∗F,t are the Home and Foreign country domestic inflation respectively, it and i
∗
t are the Home and

Foreign country nominal interest rate respectively, and rnt and (rnt )
∗ are the Home and Foreign

country real natural interest rate respectively. The complete financial markets at both domestic

and international levels assumption allows to complete the above six equations with the following

log-linearized version of the uncovered interest rate parity (UIP) condition:

it − i∗t = Et(et+1)− et (7)

where et is the log nominal exchange rate expressed as the price of the Foreign country currency in

terms of the Home’s country currency. An increase in et is thus a depreciation of the Home country

currency. The difference equation (7) is solved forward for et and yields3:

et = Et

{ ∞∑
k=0

(it+k − i∗t+k)
}
+ lim
T→∞

Et(eT ) (8)

As stated by Gaĺı (2020) equation (8) summarizes the principal mechanism through which forward

guidance affects the nominal exchange rate channel. The current nominal exchange rate depends

on current (k = 0) and anticipated interest rate differentials and the long-term exchange rate

(limT→∞Et(eT )). So, a communication about future interest rate affects future interest rate differ-

ential expectations which in turn immediately affect the current nominal exchange rate. Similarly,

and assuming for expository purpose only that the foreign variables are zero, one can solve equa-

tions (1) and (3) and show that they also depend on future the discounted sum of current and

future interest rate:

ỹt = − 1

σω

{ ∞∑
k=0

Et
(
it+k − Et+k (πH,t+k+1)− rnt+k

)}
(9)

πH,t =

∞∑
k=0

βkEt (ỹt+k) (10)

3A real version of equation (8) can also be obtained by solving forward the real exchange rate equation qt =
Et(qt+1) + (i∗t − π∗

F,t+1)− (it − πH,t+1)
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2.2 Calibration and simulation

In this section, I analyze the effect of a Home forward guidance shock on the Home economy and

the nominal exchange rate. The complete parameters calibration of the model is listed in the

last section of appendix A. Some parameters are calibrated using Cacciatore and Traum (2018)

estimation for the U.S. (Home economy) and the Euro area (Foreign economy), and the remaining

parameters are standard in the literature.

Figure 1: SOE-NK model response to a four quarters ahead credible forward guidance shock.
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The model is simulated using a standard central bank announcement of a future monetary

shock to happen t-quarters in the future (Del Negro et al. (2012), McKay et al. (2016),mil, Best

and Kapinos (2016), Gaĺı (2020)). Specifically, suppose that at time t = 0, the Home central bank

announces a one-period decrease in the nominal interest rate of 25 basis points to happen at time

t = 4. It also commits to keep the nominal interest at its initial steady state level (0) between

time t = 0 and t = 3 independently of the reaction the economy during this period (i.e., the Home

central bank will not follow the Taylor rule only during this period). The Home monetary policy
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shock can thus be defined as:

vt = ϵvt +

H∑
h=1

µt−h (11)

The mean-zero i.i.d disturbance ϵvt is the unanticipated shock, and µt−h is the forward guidance or

anticipated monetary shock known by agents in period t but materializes only h-quarters ahead.

Figure 1 shows the model responses and the subsequent economic dynamics of the model. The first

row of the figure reports the Home country responses. Following the central bank announcement

of a monetary easing in four quarters ahead, the Home output gap immediately increases since it

is equal to the cumulative sum of future nominal (real) interest rate. The future monetary easing

announcement generates expectations of lower future interest rates. Agents anticipate the future

expansionary effect by increasing their current consumption and investment, which in turn imme-

diately increase inflationary pressures as reflected by equation (10). This result in an immediate

decrease in real interest rate (first row, second column). Since the real and nominal exchange rates

also depends on the cumulative sum of current and future interest rate differential, they immedi-

ately depreciate as we can see from the third row of the figure. According to Gaĺı (2020), in a

general equilibrium setup, the overall effect of the forward guidance shock on the exchange rate is

the result of the impact on output and aggregate demand of the change in consumption and real

exchange rate previously described, and their subsequent effect on inflation. The second row shows

the spillovers effects of the Home central bank forward guidance on the foreign country. Having two

symmetric countries with respect to some parameters, the foreign country responds in the opposite

way of the Home country. Output and inflation decrease and the Foreign central bank responds

accordingly. The last column of the third row shows the net exports response in percentage of GDP.

Although the forward guidance here contracts the net exports, one should not take this sign as a

general conclusion of the model. Indeed, for this variable, the sign of its response in the model is

ambiguous and depends on the parameters calibration while for the other variables, the sign of their

responses do not depend on the calibration. Only the magnitude is affected by another calibration.

To sum up. A forward guidance easing immediately raise domestic output and inflation, and

depreciates the nominal exchange rate. The signs of these theoretical responses will be used in the

empirical part of the paper to identify the U.S. forward guidance shocks. Also note this model

suffers from Gaĺı (2020) “forward guidance exchange rate puzzle.” Changes in expected real interest

rate differentials in the more distant future are associated with much larger variations in the nominal

exchange rate than changes anticipated to take place in the near future. However, this problem

nor the calibration do not alter the qualitative results about the sign of the impulse responses used

later. Finally, appendix B shows that the conclusion of the model to a forward guidance policy at

the ZLB stays the same.
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3 The VAR model

In this section I present the VAR specification and briefly discuss why the presence of news about

future policy may give misleading interpretation of the SVAR shocks. I then present the data and

discuss the sufficient information test and the zero and sign restrictions used.

3.1 The VAR specification

3.1.1 The model

Consider the structural V AR(p)

B0yt =

p∑
i=1

yt−iBi + εt, εt ∼ iid(0,Σε) (12)

where yt is a (k × 1) observable vector of endogenous variables; p the lag order selected using the

AIC criteria; B0 is a (k × k) impact matrix that governs the instantaneous relationships in the

model and finally, Bi, i = 1, . . . , p are (k × k) matrices of structural parameters. Each element of

the k × 1 vector of white noise εt corresponds to mutually uncorrelated structural shocks which

are assumed to have unit variance. The corresponding reduced form of the above SV AR(p) is

expressed as

yt =

p∑
i=1

yt−iAi + ut (13)

where Ai = B−1
0 Bi for i = 1, . . . , p are (k×k) matrices of parameters. The reduced form innovation

ut = B−1
0 εt is assumed to be a k − dimensional vector of iid process such that Et(ut) = 0 and

Et(utu′t) ≡ Σu = B−1
0 Et(εtε′t)B−1′

0 = B−1
0 ΣεB

−1′
0 . For the structural shocks to be uniquely and

fully identified, one needs to find good estimate of the instantaneous relationship’s matrix B0 from

(12) conditional on some economic restrictions.

3.1.2 Non-fundamentalness problem

One can write the moving average (MA) process of the model (13) by defining the (k × k) matrix

polynomial in lag operator A(L) ≡ Σ∞
i=0AiL

i

yt = A(L)ut (14)
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ut and yt span the same space if the matrix polynomial A(L) is invertible. This will be the case

if the eigenvalues of A have no pole inside the unit circle (less than unity), which requires that

det(A(z)) ̸= 0 for | z |≤ 1. In this context, yt is driven by the past and present values of ut, and

the corollary holds. The moving average representation (14) clearly shows that we only need past

values of the observable yt to identify the structural shocks of the model if A(L) is invertible. In

this case, ut is yt − fundamental. However, when the economic agents have news about future

economic variables or policy, the econometrician information set becomes smaller. This creates a

wedge between yt and ut space and the model becomes non-fundamental : the SVAR (12) does not

contain enough information to identify the structural shocks. This is a consequence of economic

agents reacting in advance and incorporating in their today decisions all the news they have. It thus

becomes difficult to distinguish which shocks (unanticipated or news) dictate the current behavior

of the model. Formally, consider an observable vector X1t driven by deterministic trend vector x1t,

and a vector of shocks εt composed of an unanticipated and a one period ahead anticipated part

ut and ηt−1 respectively4:

X1t = x1t + εt ⇒ εt = X1t − x1t and εt = ut + ηt−1 (15)

X1t data generating process is not fundamental because of the anticipated shocks ηt−1. Since

by construction inverting a VAR yields a fundamental MA, the econometrician can identify the

unanticipated component as ut = εt + ηt−1 = X1t − x1t + ηt−1. Thus, the identified unanticipated

shocks also capture the anticipated component not observable. Taking the lead of X1t yields

ηt = X1t+1 − x1t+1 − ut+1. We can clearly see that the anticipated shocks are only in the future of

the observable vector which by definition is unobservable by the econometrician.

Two approaches are proposed in the literature to overcome this non-fundamental problem.

The first one involves using the Blaschke matrices to transform the fundamental MA into a non-

fundamental one. The second approach used in this paper consists in adding more information

to the set of observable as suggested by Beaudry and Portier (2006), Barsky and Sims (2012).

Since non-fundamental problem can be summarized as a missing information problem, the type

of variables considered here must convey some information about private sector expectations of

future economic indicators and policies (future fundamental, survey forecast of variables, consumer

confidence, stock prices, yield curve).

4For more details on the formal definition of fundamentalness and related problems, see Forni et al. (2009),
Kilian and Ltkepohl (2017), Fernández-Villaverde et al. (2007), Sims (2012), Leeper et al. (2013) and Canova and
Hamidi Sahneh (2018).
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3.2 Data

As a baseline specification, the vector of observable yt in (12) is composed by quarterly data

of a foreign and U.S. block and the corresponding nominal bilateral exchange rate (U.S. dollar

against U.K. pound (USD/GBP), Canadian dollar (USD/CAD), Euro (USD/EUR), and Japan

Yen (USD/JPY)). The foreign block is alternatively composed by the United Kingdom (U.K.),

Canada (Ca), Euro Union (E.U.) and Japan (Jp) real GDP and nominal interest rate (RGDP ∗

and i∗). The U.S. block is composed of the real GDP (RGDP ), the CPI, the 3-month T-bill rate,

real monetary stock (M3) and the four quarters ahead mean forecast of the 3-month T-bill rate

from the Philadelphia Federal Reserve bank Survey of Professional Forecasters (SPF − T − bill).

This last variable serves as a proxy of the private sector expectations of the future monetary

policy that capture the forward guidance shocks. The different bilateral nominal exchange rates

are expressed as units of U.S. dollar for 1 unit of foreign countries’ currencies so that an increase

means a depreciation of the U.S. dollar.

In total, I estimate four different specifications with data samples from 1981q3 − 2019q4 for

USD/GBP , USD/CAD, USD/JPY and 1995q1− 2019q4 for USD/EUR The starting dates of

the SPF − T − bill which is 1981q3 and the starting date of the Euro dictate the different samples

starting dates. Appendix C presents the variables, data sources and treatment.

3.3 Sufficient information test

Common solutions to increase a VAR information set consist in using Factor Augmented VAR

models (FAVAR) or large-scale Bayesian VAR (BVAR) (e.g., Forni and Gambetti (2014), Bańbura

et al. (2010)). However, these two approaches present some limitations. First, the information

summarized in the FAVARs is unclear and makes it difficult to impose identification restrictions

on them. Second, one needs to adjust the priors in large-scale BVAR to deal with degrees of

freedom limitation and this can distort the estimates as well as the impulse responses. Here, I

follow D’Amico and King (2017) and judiciously choose a small number of variables forecasts that

matter to a central bank following a Taylor rule. These variables should contain the economic

information needed to capture the forward guidance shocks. In their paper, they identify the

forward guidance shocks labeled “credible” forward guidance using a closed economy VAR model

for the U.S. augmented with the forecasts of the U.S. GDP, CPI and T-bill rate. They impose that

in response to a “credible” forward guidance easing, the forecasts of the GDP and CPI increase

while current interest rate moves in the opposite direction. This combination of variables and

restrictions is designed to help distinguish between the U.S. unanticipated monetary policy; the

expected endogenous policy response to future economic activity (“Delphic” or state-contingent
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forward guidance) and a commitment to future stimulative deviation not related to future economic

activity (“Odyssean” or “credible” forward guidance)5.

In this paper, I do not emphasize on such distinction but rather identify forward guidance as

just any communication by the central bank about future policy that forecasters credibly believe

will happen. Three reasons justify this choice. First, Sutherland (2020), shows that the history

of U.S. forward guidance from 1991 to 2020 has been predominantly information about future

state-contingent or time-contingent policy. Thus, there are not enough cases of “Odyssean” forward

guidance to provide robust estimates of its influence. The second reason is that using private sector

forecasts to capture forward guidance means that one captures the intended credibility of the policy

as perceived by market participants (Campbell et al. (2017), p.327). It is therefore important to

know by how much forward guidance affects forecasters’ expectations. Sutherland (2020) also

provides an answer to this matter and shows that forecasters significantly revise their short-term

interest rate forecasts after a forward guidance in U.S.. However, they place a full weight on their

inflation and growth expectations rather than those of the central bank6. I consequently assume that

interest rate forecast captures most of the Fed future policy communications perceived as credible

by the market regardless of its superior information on future economic activity. Therefore, adding

supplementary restrictions with the GDP and CPI forecasts becomes irrelevant. Finally, the open

economy structure of the VAR requires to include foreign variables in the observable. Since I use

quarterly data, using only the T-bill forecasts allows to minimize the size of the VAR and hence

deals with degree of freedom limitation. I thus go with the assumption that adding only the interest

rate forecasts is enough to capture the forward guidance shocks in the model.

To support my assumption, I check if my vector of observable yt contains enough information

to capture the forward guidance shocks compared to a vector augmented with the U.S. GDP and

CPI forecasts also. I use Forni and Gambetti (2014) sufficient information test to test the null

hypothesis that the VAR augmented only with interest rate forecast (restricted model) contains

at least the same information as the VAR augmented with the GDP and CPI forecasts also (full

5The distinction between “Delphic” forward guidance and “Odyssean” forward guidance comes from (Campbell
et al., 2012) finding that Fed news about future lower rates decreases survey expectations of GDP and inflation.
They argued that this likely reflects private sector interpreting accommodative signals by the Fed as“Delphic” forward
guidance which conveys negative information about future economic activity. Conversely,“Odyssean” forward guidance
is a commitment to future stimulative policy as a future deviation from the historical policy rule suggestion.

6For his whole sample, he finds that in response to a change in forward guidance, forecasters revise their interest
rate forecasts in the intended direction by five basis points on average, and the effect is not attributable to central bank
information effects. It is also not possible to detect any meaningful difference between the influence state-contingent
or time-contingent forward guidance on forecasts.
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model)7,8. Suppose that the information set of the full model is given by the k × 1 vector of all

possible observable zt driven by the shocks εzt . k being large, the econometrician needs to reduce

it to a sub-vector yt driven by a sub-vector of the shocks εzt say εyt . If xt is the vector of omitted

observable, one can define the moving average representation of zt as

zt =

(
yt

xt

)
=

[
Ayy(L) Ayx(L)

Axy(L) Axx(L)

](
εyt
εxt

)
= A(L)εzt (16)

If xt Granger causes yt (Ayx(L) ̸= 0), then yt is not informationally sufficient and εyt is not yt-

fundamental. Conversely, if xt does not Granger cause yt (Ayx(L) = 0), then εyt is yt-fundamental

and the shocks can be recovered. So, I basically test if the GDP and CPI forecasts (xt) Granger

cause my vector of restricted observables yt. The null hypothesis (H0) is:

H0 : Ayx(L) = 0.

The test is done using Gelper and Croux (2007) multivariate out-of-sample test for Granger

causality, which compares the out of sample forecast error of the full model (uzt ) against the out of

sample forecast error of the restricted model (uyt ) with three different statistics tests listed from the

less to the most powerful one: mean squared forecast errors (MSFE), Reg and canonical correlations

(CC)9.

Table 1 lists the p-values of the different statistic tests for the four different specifications. It

emerges that for all specifications, the p-values are well above 5% significance level except for the CC

and Reg p-values for the USD/EUR specification. For all the p-values above 5%, we cannot reject

the null hypothesis, meaning that the three out-of-sample tests give weak evidence for Granger

causality. Since the statistical behavior of the different tests is related to the size of the sample, I

suspect that the result for the USD/EUR can be related to the small sample. Nevertheless, based on

this result, I consider as baseline specification the model with only interest rate forecast, and later

add the remaining variables for robustness. Even if the models can be considered as informationally

sufficient, I still need a good identification scheme to identify the shocks. It is the main focus of

the next section.

7The original idea of Forni and Gambetti (2014) is to test whether a number P of principal components from a
large data set xt Granger cause a sub-vector yt. Here I do not use any principal components since my interest is in
testing if a restricted model with only the interest rate forecasts is informationally sufficient compared to a full model
with the GDP and CPI forecasts. The general test procedure is presented in appendix D

8Note that the test only tells if there is at least the same information in the restricted model as in the full model
to unveil all the relevant shocks given the appropriate identification strategy.

9See appendix D for more details on Gelper and Croux (2007) algorithm, statistic tests and critical p-value
computation
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Table 1: Sufficient information test

Test p-values
Model MSFE Reg CC

USD/GBP 0.998 0.27 0.1926
USD/CAD 0.9802 0.8652 0.9444
USD/EUR 0.9844 0.0276 0
USD/JPY 0.98 0.0848 0.1220

Note: The critical values and p-values are computed by a residual based bootstrap method over
5000 new times series generated.

3.4 Identification

In practice, the federal open market committee (FOMC) announcements contain news about unan-

ticipated monetary policy, future policy, and future economic activities. Disentangle the effects

of the unanticipated monetary shocks from those of the forward guidance is therefore not an easy

task. Most previous works identify the forward guidance shocks as a shift in high-frequency financial

markets data in a narrow window around the policy announcements (Kuttner (2001),Gürkaynak

(2005) and Campbell et al. (2012)). In this paper, I use zero and sign restrictions on the structural

parameters to identify the fed unanticipated monetary shocks and the forward guidance shocks10.

From the best of my knowledge, D’Amico and King (2017) are the first to propose this approach to

identify a “credible” forward guidance shocks in a closed economy VAR model for the U.S.. Table

2 gives a summary of the sign imposed based on the two-country NK model responses.

Forward guidance shock: In response to a forward guidance easing, the interest rate forecast

must decrease at horizon 0. To remain agnostic about their contemporaneous responses, I impose

that current real GDP, CPI, monetary stock (M3) and exchange rate increase at the exact period

at which the shock is supposed to happen (horizon 3)11. In addition, the current interest rate must

not respond within three periods (horizons 0 to 2) to reflect the central bank communicating about

future policy. The responses of the foreign country variables are left unrestricted.

Unanticipated monetary shock: In response to an unanticipated monetary easing, the current

interest rate must decrease at horizon 0 while the current real GDP, CPI, M3 and exchange rate

increase at horizon 0. The responses of the remaining variables are left unrestricted.

10See Faust (1998), Faust and Rogers (2003), Canova and De Nicolo (2002), Uhlig (2005), Scholl and Uhlig (2008)
for a discussion on sign-restricted VARs to identify conventional monetary policy shocks and their impact on the US
economy or exchange rate.

11Imposing the sign at horizon 3 for the real GDP, CPI, M3 and exchange rate is plausible if one assumes that a shift
in the four quarter ahead interest rate forecasts means a communication about a shock that is supposed to happen
in four quarter. Appendix G shows that the results are also robust to imposing all restrictions contemporaneously.
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Table 2: Sign and zero restrictions

Shocks
Endogenous variables responses

Foreign variables 3m T-bill SPF-3m T-bill RGDP CPI M3 Ex. rate

For. shocks * * * * * * *
UMP shock * - * + + + -
FG shock * 0 - + + + -

Remai. US var. * * * * * * *

Note: For the forward guidance shock, The sign restriction on the SPF-T-bill is imposed at horizon
zero. The zero restriction on current T-bill is imposed at horizons 0,1,2 and the sign restrictions
on the remaining U.S. variables at horizon 3. For the unanticipated monetary shock, the sign and
zero restrictions are imposed at horizon 0. The stars denote unrestricted variables.

3.5 Estimation

The models parameters B(Lp) and Σε are estimated using a Bayesian approach with in an uninfor-

mative Normal-Inverse-Wishart à la Uhlig (1994). This prior assumes a normal prior for the VAR

coefficients and an inverse Wishart prior for the covariance matrix. All models include constant

and time trend, with 2 lags following the AIC criterion.

α|Σε ∼ N(α∗, V
⊗

Σε), with α = V ec(B(Lp))

and

Σε ∼ IWK(S∗, n)

I draw across the models impulse response functions (IRFs) using Arias et al. (2014) algorithm to

check the sign restrictions12. Inference statements are based on 10 000 draws from the posteriors

satisfying the sign and zero restrictions on the impulse responses. Standard in the sign restriction

approach, I typically report the point-wise median as well as the 16% and 84% percentiles of the

distribution for the impulse response functions13.

4 Results

This section analyses the main impulse response functions (IRFs) of the VAR model. The remaining

variable are left in the appendix.

12Arias et al. (2014) show that most previous sign restrictions algorithms do not remain agnostic in that they
impose additional restrictions on the responses of other variables.

13Fry and Pagan (2011) discuss what they call“multiple model problem”and some concerns about how to summarize
the information of sign restrictions responses
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4.1 The effects of the forward guidance and unanticipated monetary policy shock

Figure 2 shows the impulse response functions (IRFs) of the policy variables (SPF-T-bill and 3m-

T-bill), the real GDP, CPI, and the nominal bilateral exchange rates in columns 1 to 4 respectively.

The IRFs are normalized to be responses to a 25 basis points unanticipated monetary (solid black

lines) and forward guidance shocks (solid triangle blue lines). The magnitude of the impact median

depreciations of the nominal exchange rates (fourth column) varies across the currency pairs but

are slightly the same following both shocks. The U.S. dollar depreciates in a range of two to three

percent after the unanticipated monetary easing and two to four percent after the forward guidance

easing. However, the shape of the responses differs across the shocks and specifications. Except for

the USD/JPY specification, the U.S. dollar peak depreciation happens instantaneously after the

unanticipated monetary shock and then appreciates in line with Dornbusch (1976) overshooting

theory. This theory predicts that a tighter (loose) monetary policy shock generates a large initial

appreciation (depreciation) followed by subsequent depreciations (appreciations). Indeed, if the

UIP condition holds, a decrease in the interest rate differential (it − i∗t ) after a domestic monetary

easing should also decrease Et(et+1)−et. For this to happen, the exchange rate impact depreciation

at time t must be maximum and then followed by subsequent appreciation between t and t+ 1 (a

decrease in E(et+1)) as we can see from the impulse responses of the exchange rate in solid black

lines. Intuitively, an unanticipated monetary policy causes a decrease in the return of U.S. assets

relatively to foreign assets. To keep U.S. assets attractive and at the same time maintain the UIP

condition, the U.S. dollars must be expected to appreciate in order to pay the same expected return

as an investment in the foreign assets converted in U.S. dollar. In fact, this result following the

unanticipated monetary shock goes against the findings of Eichenbaum and Evans (1995), Scholl

and Uhlig (2005), Steinsson (2008) and Bjørnland (2009). They find that the maximum effect

of the U.S. unanticipated monetary shock on the U.S. dollar is not contemporaneous but happen

within three to five quarters after the shock (“delayed overshooting”). However, Faust and Rogers

(2003), Kim et al. (2017) and Inoue and Rossi (2019) conclude that there is no robust evidence

to support the delayed overshooting after a U.S. unanticipated monetary shock. Particularly, Kim

et al. (2017) using sign restrictions on U.S. monthly bilateral exchange rate data from 1976 to 2007

find that the exchange rate systematically overshoots as predicted by the UIP in the post-Volcker

era (1988:1 onward). However, in the Volcker era (1979:8 to 1987:12) and the entire sample, the

delayed overshooting appears. They conclude that the delayed overshooting apparent persistence

in the entire sample period is primarily driven by the behavior of exchange rates during the Volcker

era. The episode is severe enough to contaminate the entire sample period, thereby misleading

previous empirical studies to prematurely conclude the failure of the overshooting theory. Their

results is complemented by Castelnuovo et al. (2022). They use a combination of sign, zero, and

policy coefficient restrictions to identify the exchange rate response to a U.S. monetary policy
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shock. They also find that the exchange rate overshoot after an unanticipated increase in the

policy rate and that the Volcker’s regime is associated with a delayed overshooting. I thus conclude

that the UIP condition and thereby the overshooting theory hold after the unanticipated monetary

shock in my data mostly dominated by a larger post-Volcker era sample. Conversely, after the

forward guidance easing shock, the U.S. dollar depreciation shows a little hump-shaped response as

a “delayed overshooting” pattern. The only exception again is for the USD/JPY nominal exchange

rate. The peak depreciation is reached between quarter two and eight for a maximum depreciation in

a range of four to six percent before reverting sign. This result is consistent with Rogers et al. (2018)

who also find little delayed overshooting of the U.S. dollar after a forward guidance shock except for

the USD/JPY exchange rate also14. Intuitively, forward guidance affects the current exchange rate

by modifying anticipation. Suppose that at time t, economic agents expect a one-period decrease

in the interest rate differential at time t + 4 (i.e., a future Home nominal interest rate decrease).

The other reason why nominal exchange rate immediately depreciates aside from the cumulative

sum of the interest rate difference is an expectation of future subsequent depreciation. The central

bank communication steers market’s expectations toward future exchange rate depreciation which

in turn depreciates more slightly the exchange rate between t and t + 1 than the unanticipated

monetary policy and causes a hump-shaped response like the “delayed overshooting.” In this sense,

the likely “delayed overshooting” responses following the forward guidance shock should be the one

expected, and should not be taken as a UIP failure since this policy changes market expectations.

Furthermore, its absence as in USD/JPY exchange rate can be considered puzzling.

The IRFs of the real GDP and CPI are given in column two and three. The responses after the

unanticipated monetary and forward guidance easing are conventional with the existing literature

and the intuition given in the theoretical section. The U.S. real GDP immediately increases in a

hump-shaped manner after both shocks except for the USD/GBP and USD/JPY where it imme-

diately increases at a peak before falling. The CPI also rises after both shocks, however, in most

cases, the median impact response after the forward guidance shock is close to zero before rising

compared to the contemporaneous increase after the unanticipated shock. The remaining U.S.

variables responses to both shocks are given in appendix F. It is, however, worth mentioning that

on one hand, according to the data, the fed unanticipated monetary easing feeds into the market

expectations as captured by the decrease of the SPF-T-bill after this shock. On the other hand, the

current 3m-T-bill exactly decreases at horizon four as intended by the central bank communication

except for USD/EUR specification.

Since both shocks depreciate the U.S. dollar, I now check the existence of an exchange rate

channel transmission of the U.S. monetary policies that amplifies the U.S. real GDP response.

14Note that a robustness check in appendix G with signs applied contemporaneously shows that the results are
qualitatively the same and that these patterns are not simple results of the sign being applied at horizon four.
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Figure 2: IRFs of U.S. variables and exchange rate to U.S. monetary shocks
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Note: The solid black lines are the median estimated IRFs (in percent) to a 25 basis points unantic-
ipated monetary easing. The solid blue triangle lines are the median estimated IRFs (in percent) to
a 25 basis points forward guidance easing. The shaded areas and dotted lines indicate the 16% and
84% credible sets. The first column reports the median responses of the 3m-T-bill and the SPF-
T-bill to their respective shock. The fourth column reports the U.S dollar exchange rate responses
following both shocks. Each row of the figure corresponds to the different bilateral exchange rate
specifications.

This channel emphasizes that a domestic country currency depreciation can cause an “expenditure-

switching effect.” Indeed, the decrease in the value of the domestic country currency makes foreign

goods more expensive relatively to domestic goods for domestic households giving them an incentive

to revert toward more consumption of domestically produced goods (decrease in imports). At

the same time, for foreigners, domestic goods become less expensive than their respective goods,

and thus they should increase their consumption of domestically produced goods too (increase

in exports). The result is an increase in the domestic country net exports and GDP. From the

best of my knowledge, most of the previous literature focus on the existence of the exchange

rate channel after an unanticipated monetary shock. They find no clear evidence of an impact

increase in net exports following a U.S. depreciation due to this shock (Magee (1973), Rose and

Yellen (1989), Moffett (1989), Bahmani-Oskooee and Brooks (1999), Bahmani-Oskooee and Ratha
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(2004), McKinnon (2007), Chiu et al. (2010))15. Bernanke (2017) considering the 2010 debates that

the Federal Reserve has chosen policies that weakened the dollar during the financial crisis thus

unfairly increased U.S. competitiveness shows that empirically, evidence that the U.S. has relied on

net exports for growth, or that U.S. monetary easing has an adverse effect on the exports of trading

partners are weak. To check if such effect exists after the U.S. forward guidance shock, I estimate the

baseline model with the U.S. total real net exports in percentage of the real GDP. The identification

is done with the same restrictions as before, however, no sign is applied on the response of the net

exports to both shocks. The IRFs are given in figure 3. The median responses after both shocks

show the classical J-curve adjustment response of net exports. The dollar depreciation initially

worsens the net exports before they increase in the long run. However, the credible sets contain

zero for all the impulse responses horizon except for the USD/CAD specification where there is

an improvement of U.S. net exports following the forward guidance shock after fourteen quarters.

Based on this result, I conclude that there is no exchange rate channel transmission of the U.S.

unanticipated monetary and forward guidance policy on the U.S. economy. This lack of an effect

of the exchange rate depreciation on the net exports is related to the “exchange rate disconnect” of

Rogoff and Obstfeld (2000) which encapsulates two puzzles. The first one is that the exchange rate

variation seems to have only small effects on the real economy as we can see with the net exports.

The second one is related to the monetary policy contribution to the exchange rate fluctuations as

I discuss in the next section.

4.2 Monetary shocks and exchange rate fluctuation

Table 3 reports the contribution of the two identified monetary shocks to the mean-squared error of a

one quarter ahead forecast of the exchange rate. The forward guidance shock explains between 3.89

percent to 10.95 percent of the U.S. dollar variance for the median estimate, and the unanticipated

monetary policy explains between 3.41 percent to 16.95 percent of the variance. The result for

the unanticipated shock is in line with Kim and Roubini (2000), Faust and Rogers (2003), Scholl

and Uhlig (2008) and Kim et al. (2017) finding that unanticipated monetary shocks have small

contribution (between 2 and 10 percent) in explaining exchange rate fluctuations. However, these

previous works focus on unanticipated monetary shocks only, and since the Fed has past experience

with forward guidance, they possibly minimize the overall effect of monetary shocks on exchange

rate fluctuations. Indeed, the cumulated median contribution of both shocks to the exchange rate

variance varies in a range of 7.3 percent to 27.9 percent, and the forward guidance contributes to at

least half of the role played by the monetary policy. Also note that except for the USD/CAD, the

15Note that in the two-country NK model, the net exports improvement after a monetary easing depends on the
relation between the terms of trade and net exports. More generally, since the sign of the relationship between net
exports and the terms of trade is ambiguous and depends on the relative sign of some of the model parameters, the
theoretical sign of the net exports response will also be ambiguous.
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Figure 3: U.S. Net exports IRFs to the U.S. monetary shocks.
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Note: The solid black line is the median estimated impulse response (in percent) to a 25 basis
point unanticipated monetary easing. The solid blue triangle line is the median estimated impulse
response (in percent) to a 25 basis point forward guidance easing. Shaded areas indicate the 16%
and 84% credible sets.

impact variation of the U.S. dollar is mostly explained by the forward guidance shock. This can

reflect the fact that exchange rate is more sensitive to news about future economic fundamentals. As

mentioned by Engel (2016), since the exchange rate is forward-looking, when economic agents have

news beyond the current realization of the economic fundamentals, the variance of the real (nominal)

exchange rate increases. The correlation of the exchange rate and the current fundamentals also

decreases for this reason creating the second puzzle of Rogoff and Obstfeld (2000) that there seems to

be very little evidence that the unanticipated monetary policy explains a huge part of the exchange

rate movements.

4.3 Uncovered interest rate parity

The exchange rate responses analyzed in figure 2 show the presence of a hump-shaped response like

a delayed overshooting after the forward guidance shock in three out of four of the specifications. If
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Table 3: Forecast error variance decomposition of exchange rate

USD/GBP USD/CAD USD/EUR USD/JPY
Quarters FS MPS FS MPS FS MPS FS UMPS

1
7.23

(0.70, 27.32)
4.81

(0.37, 22.22)
3.89

(0.28, 17.10)
11.54

(1.30, 34.08)
10.95

(1.71, 27.48)
6.55

(0.64, 24.56)
10.91

(0.93, 34.66)
3.41

(0.24, 16.84)

5
7.66

(1.77, 27.41)
8.39

(1.53, 26.43)
4.26

(0.72, 18.37)
10.96

(1.46, 31.90)
9.32

(2.08, 22.95)
5.23

(0.91, 22.32)
7.60

(1.12, 26.32)
5.18

(0.90, 20.01)

10
9.80

(3.02, 28.01)
10.24

(2.25, 27.08)
6.30

(1.42, 21.30)
13.02

(2.59, 34.31)
7.70

(2.16, 17.60)
6.28

(1.35, 21.93)
6.99

(1.83, 21.49)
8.58

(2.10, 23.54)

15
10.62

(3.45, 27.73)
10.82

(2.77, 26.68)
7.53

(1.79, 22.80)
15.42

(3.88, 36.17)
8.17

(2.53, 17.07)
6.90

(1.64, 21.74)
7.52

(2.31, 19.29)
11.39

(3.43, 25.52)

20
10.79

(3.63, 26.37)
10.86

(3.12, 25.95)
8.11

(1.95, 22.50)
16.95

(4.73, 36.43)
8.72

(2.81, 18.25)
7.19

(1.86, 20.73)
8.29

(2.79, 19.18)
12.78

(4.09, 26.57)

Notes: Each row corresponds to the different horizon. The columns report the variance decompo-
sition for the corresponding bilateral exchange rate following the forward guidance (FS) and the
unanticipated monetary shocks (MPS). The bold numbers are the median variance decomposition,
and the numbers in bracket are the 16 and 84 percentiles variance decomposition.

such responses are inconsistent with the UIP condition, one can expect the presence of an expected

foreign exchange excess returns. Also, according to Sims (1992) and Grilli et al. (1995) there may

be an expected foreign exchange excess returns even without a delayed overshooting. So, in this

section, using the estimates from the VAR, I compute the expected impulse response of the foreign

exchange excess returns after the forward guidance and unanticipated monetary shocks. Following

Engel (2016), I define λt as the excess return between the expected return of an investment in

foreign currency converted in U.S. dollars and an investment directly in U.S. dollars.

λt = i∗t − it + {Et(et+1)− et} (17)

Under the UIP condition, λt = 0. Assuming that equation 17 holds, and since it is a linear

combination of the variables in the VAR, the response of λt k-periods after the shock is computed

as:

λt→k = i∗t→k − it→k + Et∆et→k+1 (18)

The corresponding median impulse responses as well as the credible sets are reported in figure

4. Under the UIP condition, these responses must be equal to zero. Following the forward guidance

shock, the median responses of the excess returns (solid triangle blue lines) increase on impact

and then decrease to remain close to zero reflecting the absence of a predictable movement of the

expected excess returns. Note also that all the credible sets contain zero for all horizon except for

the USD/EUR specification where it becomes negative between quarters 3 and 10. The expected

excess return can be the result of a some carry trade operation where investors demand an additional

amount of money (risk premium) to be compensated for an expected depreciation of the currency,
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in which they hold a long position (here the foreign currencies). However, in the case of the forward

guidance shock, investors clearly anticipate an appreciation instead of a depreciation suppressing

in the way any currency risk. So, the exchange rate responses following the forward guidance shock

do not reflect a UIP deviation but rather a change in market expectations.

Following the unanticipated monetary shock (solid black line), the median excess returns also

remain close to zero with the credible sets containing zero over all horizons. This result is closely

related to the observed absence of a delayed overshooting following the unanticipated monetary

shock. As discussed in the previous section, this can be explained by a sample mostly dominated

by the post Volcker era. Overall, the absence of a predictable movement of the expected excess

returns means that the UIP condition holds in both cases.

Figure 4: Excess return IRFs to the monetary shock.
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Note: The solid black lines are the median computed IRFs (in percent) to a 25 basis point unantic-
ipated monetary easing. The solid blue triangle lines are the median computed IRFs (in percent)
to a 25 basis point forward guidance easing. The shaded areas indicate the 16% and 84% credible
sets.
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4.4 U.S. monetary shock spillovers

U.S. monetary policies (conventional and unconventional) are potential sources of spillovers onto

other countries (Ilzetzki and Jin (2013), Rajan (2015), Dedola et al. (2015), Albagli et al. (2019),

Curcuru et al. (2018b), Rudel and Tillmann (2018)). According to the Mundell-Fleming model

developed to study this kind of issue, the international transmission of monetary shocks can occur

through two channels. The first one is the demand effect whereby domestic monetary easing usually

leads to an increase in domestic incomes, which in turn raises home consumption of foreign goods

and services and change the demand for world output (“expenditure augmenting effect”). The second

one is the“expenditure switching effect”previously analyzed. As discussed by Bernanke (2017), The

net effect of the monetary policy spillovers on other countries consequently depends on the relative

magnitudes of the two mechanisms. Figure 5 reports in its first row the median responses of foreign

real GDP, and in the second row the foreign interest rates. The U.S. forward guidance easing

(triangle blue lines) immediately increases U.K., Canada, and Japan real GDP by about 0.5% for

the median estimates, with the monetary policy in the first two countries slightly reacting according

to the Taylor rule. Note, however, that the credible set for Japan real GDP includes zero up to

17 quarters. The Euro area is less affected by the U.S. forward guidance with an impact negative

median estimate which remains close to zero for all horizons. For the U.S. unanticipated monetary

easing (solid black lines), the median foreign real GDP IRFs increase but in a delayed fashion for

U.K. and Japan, but all credible sets contain zero. Overall, I conclude that in terms of spillovers,

the “expenditure-augmenting effect” of the U.S. forward guidance policy is the most important for

U.S. developed trade partners. This result combined with the previous one of no “expenditure-

switching effects” are in line with Bernanke (2017) conclusion that the “expenditure-augmenting”

effects of U.S. monetary policies tend to offset the “expenditure-switching effects.” Once one takes

into account the expenditure-augmenting effects, U.S. monetary easing has no adverse effect on the

exports of trading partners.

5 Robustness

5.1 Narrative sign restrictions

The initial idea of sign restrictions as developed by Uhlig (2005) is to assess the effects of an identified

shock on macro aggregates while remaining agnostic. Indeed, sign restrictions are relatively weak

compared to other identification methods and are sometimes criticized because not much can be

concluded since one does not pin down a unique parameter but a set of parameters (see Fry et al.

(2007) for a detailed discussion on issues related to sign restrictions). Another concern with this
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Figure 5: Foreign GDP and interest rate IRFs to U.S monetary shocks
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Note: The solid black lines are the median estimated IRFs (in percent) to a 25 basis points unan-
ticipated monetary easing. The solid blue triangle lines are the median estimated IRFs (in percent)
to a 25 basis points forward guidance easing. The Shaded areas indicate the 16% and 84% credible
sets.

approach is whether sign restrictions recover the correct impulse responses, or, no? Since the

type of restrictions chosen to identify the shocks are not testable within the VAR model, one

way to evaluate the plausibility of the sign is to check if the model can recover the good sign of

the response of the interest variable to the desired shock while restraining the responses of the

remaining variables. However, as discussed by Paustian (2007) and Inoue and Kilian (2013) for

this approach to work, the variance of the structural shock of interest must be higher than seems

empirically plausible otherwise, without all available identifying restrictions, the model tends to

be uninformative. One thus needs additional restrictions to narrow the set of plausible model and

remain agnostic about some variables responses. In this section, I combine the previous sign and

zero restrictions with narrative sign restrictions to identify the shocks of interest while leaving

the response of the exchange rate free. The narrative sign restrictions are based on Antoĺın-

Dı́az and Rubio-Ramı́rez (2018) algorithm and constrain the structural shocks and the historical
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decomposition of some variables to match key historical events16. From the best of my knowledge,

this is the first attempt to use such approach to improve the forward guidance shock identification

in a VAR model. I use three events corresponding to three different types of U.S. forward guidance

based on Sutherland (2020) data:

Narrative restriction 1: The forward guidance shock for 2003q4 (“qualitative forward guid-

ance”), 2011q4 (first“time contingent forward guidance”) and 2013q1 (first“state contingent forward

guidance”) must be negative (easing)17.

Narrative restriction 2: The unanticipated monetary policy shocks for the 2011q4 and 2013q1

periods (Zero Lower Bound period (ZLB)) are the least important driver of the observed unexpected

movements in the exchange rate18.

Appendix I reports the posterior distribution of the shocks in the corresponding period. Since

the shocks are historically negative during these periods (easing), we can clearly see that the nar-

rative sign restrictions help to squeeze the distribution of the shocks in the negative part compared

to the pure zero and sign restrictions. Figure 6 reports the corresponding impulse responses of the

different bilateral nominal exchange rate to the forward guidance easing only. We can see from

the solid blue lines which correspond to the baseline zero and sign restrictions that in most cases,

the median responses go in the right direction. However, the corresponding credible sets contain

zero. The only exception is for the USD/JPY specification where the median exchange shows an

initial slight appreciation before reverting sign. Once I add the narrative sign restrictions, the

corresponding median responses and credible sets of the exchange rate recover the good sign with-

out ambiguity in most cases while remaining completely agnostic on the exchange rates responses.

However, the estimate for the USD/EUR is less precise and conclusive. This can be related to the

small sample size of this specification. Also note that the impact depreciations of the U.S. dollar

are stronger with this approach.

5.2 The Zero Lower Bound: the shadow short sate as a monetary stance

After 2008, nominal interest rates in the U.S. and other countries felt quite close to zero. This zero

lower bound creates a break in the data since nominal interest rates do not carry any information

about the real stance of the economy and monetary policy. However, Krippner (2013) and Wu

16In practice, narrative sign restrictions help shrink the set of admissible structural parameters and allow to reach
clear economic conclusions. See Antoĺın-Dı́az and Rubio-Ramı́rez (2018) for more details as well as the algorithm.

17Appendix H gives an overview of the corresponding FOMC statement and How I choose the corresponding
quarters.

18It is obvious that since the federal fund rate was stuck at the ZLB, the conventional monetary policy became
inactive and thus could not contribute to macro fluctuations.
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Figure 6: Narrative sign restrictions
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Note: The solid blue lines are the median estimated impulse response (in percent) to a 25 basis
points forward guidance easing with zero and sign restrictions. The solid red triangle lines are the
median estimated impulse response (in percent) to a 25 basis point forward guidance easing with
zero, sign restrictions and narrative sign restrictions. The shaded areas indicate the 16% and 84%
credible sets. The responses are computed using 50 000 draws respecting the sign restrictions and
1 000 000 draws for the importance weight (see Antoĺın-Dı́az and Rubio-Ramı́rez (2018) for more
details). The total number of of draws respecting both sign and narrative sign restrictions is around
5% for each specifications.

and Xia (2016) propose an alternative way to capture the monetary stance with the “shadow short

rate” (henceforth ssr) based on Black (1995) work. According to Black (1995), so long as investors

can hold currency, the nominal short rate cannot be negative. Indeed, the existence of currency as

a store value may prevent investors to hold instruments bearing negative interest rates. Defining

currency as an option, he introduced the ssr which can be positive or negative. When the nominal

short rate is stuck at zero for a time, one can follow the ssr and whenever it becomes positive, it

just reflects the nominal short rate. The instantaneous risk-free rate it is then given by the greater

of the ssr and zero:

it = max{0, ssrt}
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As mentioned by Bullard et al. (2012), Wu and Xia (2016) and Krippner (2013), the ssr reflects

the effects of quantitative easing on longer-maturity interest rate securities and thus the economy.

To compensate for the break in the data and filter out for the quantitative easing, I replace for

the effective lower bound period the 3m-T-bill as well as the respective foreign interest rate by

Krippner (2020) robust ssrs estimates in the four baseline specifications19. The different ssrs for

each country are reported in appendix J. When the economy is away from the zero lower bound,

the ssrs and the conventional short-term nominal interest rates are almost similar. But as soon as

the economies reach the zero lower bound, the conventional short-term interest rates are stuck to

zero while the ssrs go negative. The negativity can be interpreted as more monetary easing from

the central banks using unconventional policies such as quantitative easing. Figure 7 shows the

impulse response functions to a 25-basis point forward guidance shock with the ssr alongside the

baseline estimated results. Overall, we can see that the main responses qualitatively stay the same

as before.

5.3 Shocks analysis

As discussed previously, the estimated VAR contains at least the same information to unveil the for-

ward guidance shocks as a VAR augmented with judiciously chosen fundamental forecasts. Another

way to check whether the identified forward guidance shocks are indeed structural is to analyze

their orthogonality with respect to the additional variables’ forecasts. This analysis also contributes

to the huge debate in the forward guidance empirical literature on the fact that central bank com-

munications on future policy rate can be dependent or not on its superior information on the future

economic activity. As discussed in section 3, forecasters significantly revise their short-term inter-

est rate forecasts after a forward guidance in the U.S., but they place a full weight on their own

inflation and growth expectations rather than those of the central bank. One can think of this as

private sector perceived credibility about central bank news on future policy not being related to

the Fed superior information about future economic activity. Nevertheless, it can be related to the

private sector own expectations about the future and thus still be perceived as a future Taylor rule

related policy. To see how private forecasters mostly perceive the Fed forward guidance, I assume

that if the identified shocks are not related to the GDP and CPI forecasts containing either central

bank news about future economic development or forecasters own expectations, in this case, the

shocks must be orthogonal to these forecasts. To test this hypothesis, I estimate a simple equation,

via ordinary least square, where the dependent variables are the estimated forward guidance shocks

(FSt), and the explanatory variables are the first difference of the four quarters ahead real GDP

19Krippner (2020) estimated the ssrs for all the four country present in the present work. The data are available
at the following link Krippner international shadow short rates. Since the estimated ssrs are only available startinf
from 1995, I only replace the corresponding nominal rates when zero lower bound is binding by the ssr.
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Figure 7: IRFs with the SSR
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Note: The pink circle lines are the median estimated impulse response (in percent) to a 25 basis
point forward guidance easing with the ssrs. The solid blue triangle lines are the median estimated
impulse response of the baseline model (in percent) to a 25 basis point forward guidance easing.
Shaded areas indicate the 16% and 84% credible sets.

(SPF GDPt) and inflation rate (SPF CPIt) forecasts from the Survey Professional Forecasters.

Note that due to changes in the base year in the sample, I first transform the CPI forecasts data

to the same U.S. base year and then calculate the real GDP forecasts20. The regression equation

is written as:

FSt = A+B ∗ SPF GDPt + C ∗ SPF CPIt + εt (19)

If the private sector perceives the communication as a future deviation from the Taylor rule, the

coefficients B and C should not be significant. In addition, this test can be a way to purge the

identified shocks from the future economic activity information they may contain. In this case,

the residuals of the regression εt will be “purged” shocks and thus present a different pattern.

Table 4 reports the estimated coefficients for each bilateral exchange rate specification. First,

in all specification the coefficients are not significant except for the USD/GBP and USD/CAD

20Since the dependant variable (the shocks) is stationary, it cannot follow integrated explanatory variables on their
non-stationary, so a regression on the model in level must be misspecified. To avoid spurious regression I differentiate
the model as suggested by Granger and Newbold (1974)
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specifications where the GDP forecast are barely significant. Second, the estimated coefficients

signs even though not significant, goes in the opposite direction of what the Taylor rule suggests

i.e., an increase in GDP and CPI expectations decreases market expectations of future policy.

Appendix K also shows that there is no difference between the pattern of the identified shocks in

the VAR and the“purged” shocks. One can think of these results as private sector mostly perceiving

Fed communications as credible future deviation from the Taylor rule and supplement proof that

the VAR with only interest rate forecast is able to unveil the shocks.

Table 4: Test of the identified dif shocks

(1) (2) (3) (4)
USD/GBP USD/CAD US/EUR USD/JPY

Drgdpfor -11.45∗ -10.72∗ -12.25 -7.517
[5.929] [6.157] [7.528] [6.384]

Dcpifor -3.933 -7.856 -7.816 0.452
[6.750] [7.009] [9.419] [7.268]

cons 0.0961 0.111 0.116 0.0412
[0.0867] [0.0901] [0.100] [0.0934]

N 152 152 98 152
adj. R2 0.012 0.008 0.009 -0.001
F 1.914 1.591 1.427 0.907

Standard errors in brackets
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

5.4 Adding information to the VAR and alternative forecast horizon

Since some of the coefficients in the previous section are at least significant at 10%, I check here

if the estimated IRFs change with additional information on GDP and CPI forecast in the VAR

(full model). Figure 8 shows the IRFs of the baseline model, and the IRFs of the model augmented

with GDP and CPI forecasts. No additional sign restrictions are imposed on the responses of the

additional variables to the forward guidance and unanticipated monetary shocks. As we can see

there is qualitatively no difference between the IRFs. This specification also gives the opportunity to

check if adding additional sign restrictions as in D’Amico and King (2015) (henceforth DK) approach

to identify “credible” forward guidance shocks change the results. They argue that in response to

a “credible” forward guidance easing, current GDP and CPI must increase, and expected GDP

and CPI must also increase in contrast to what the Taylor would predict. The results reported

in appendix L show that there is again no qualitative difference between the IRFs. Moreover,

appendix M shows that the GDP and CPI forecasts both increase in the model with and without
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the additional restrictions. However, the credible sets of the GDP and CPI forecast in the model

with additional restrictions are narrower. This result suggests that the VAR with only interest rate

forecast, and zero restrictions performs relatively well to identify the perceived credible forward

guidance shocks by forecasters. As a last exercise, I also check whether the results are affected

or not by different forecast horizon. The results available upon request shows that using different

forecast horizon from 1 quarter to 3 quarter ahead for the 3m-Tbill qualitatively delivers the same

results as in baseline model. This suggests that the different forecast horizon carries the similar

information in terms of news.

Figure 8: Baseline identification VS full model restrictions
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Note: The red circle-dotted lines are the median estimated impulse response (in percent) to a 25
basis point forward guidance easing with the model augmented with SPF real GDP and CPI. The
blue triangle lines are the median estimated impulse response of the baseline model (in percent) to
a 25 basis point forward guidance easing. Shaded areas indicate the 16% and 84% credible sets.
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6 Conclusion

This work analyzed the existence of an exchange rate channel transmission of the U.S. forward

guidance on the U.S. economy using four U.S bilateral exchange rate: U.S. dollar against U.K.

pounds, Canadian dollar, Euro, and Japan yen. Using zero and sign restrictions from a two-

country NK model, I mainly contribute to the forward guidance literature by showing that there

is no exchange rate channel transmission of the shock to the U.S. economy and I propose a first

attempt to improve the shock identification via narrative sign restrictions. As related results, I find

that first, a VAR model augmented with interest rate forecasts contains at least enough information

to identify the shocks as a VAR with judiciously chosen forecasts of fundamentals that matter to a

central bank following a Taylor rule (real GDP and inflation rate forecasts). Second, following a 25

basis points forward guidance easing, the nominal bilateral exchange rates immediately depreciate

in a range of two to four percent compared to an impact depreciation of two to three percent after

the unanticipated monetary easing. The real GDP and CPI also immediately increase. Third, I find

no robust evidence to support the delayed overshooting after a U.S. unanticipated monetary shock.

Conversely, the exchange rates present some hump-shaped responses like a delayed overshooting

pattern after the forward guidance shock except USD/JPY. I argue that this should be the expected

pattern of the exchange rate following this shock so that its absence can be seen as puzzling. Fourth,

the cumulated contribution of both monetary shocks to the exchange rates variance is in a range

of 7.3 percent to 27.9 percent, and the forward guidance contributes to at least half of the role

played by the monetary policy. Fifth, related to the absence of delayed overshooting, there is no

systematic excess return following both shocks. This is not surprising for the forward guidance shock

since it is designed to steer market expectations in the opposite direction of what is expected with

the uncovered interest rate parity (UIP) condition. However, for the unanticipated shock, since the

results are mitigated in the literature, I argue that the absence is due to a sample mostly dominated

by the post-Volcker era. Sixth, I find some evidence of U.S. forward guidance spillovers on U.K. and

Canada mostly dominated by the “expenditure-augmenting effect”. Seventh, the identified shocks

are perceived by the market as being credible since they affect GDP and CPI forecasts in the

opposite direction of the Taylor rule.

Possible future research areas include testing whether the results change during the Volcker era

and focus more specifically one the ZLB period. Since quantifying both the effects on the exchange

rate and real GDP requires quarterly data, a possible approach can use regime switching VAR with

zero and sign restrictions to compensate for small sample. One can also expand the narrative sign

restriction to assess if there is a difference in the type of forward guidance used in the U.S. according

to Sutherland (2020) data set. Another interesting research will be to assess the existence of the

exchange rate channel in the data for other small economies that experienced forward guidance
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or if the U.S. results change vis à vis to emerging markets. Finally, a simultaneous identification

of forward guidance in a two-country VAR model could be interesting to see if the results change

depending on the two countries using forward guidance. Sutherland (2020) data set could be a

good starting point for these analyses.
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Appendices

A The two-country New Keynesian model

A.1 The model

A.1.1 Households

The representative households in the two-country economy seek to maximize their utility gained

from consumption and leisure:

U ≡ E0

( ∞∑
t=0

βtUt

)
and U∗ ≡ E0

( ∞∑
t=0

βtU∗
t

)
(A.1)

where variables in country Foreign country are denoted by asterisks. β ∈ (0, 1) is the discount

factor, Ut ≡ C1−σ
t
1−σ − N1+φ

t
1+φ and U∗

t ≡ (C∗
t )

1−σ

1−σ − (N∗
t )

1+φ

1+φ denote period t utility levels in Home (H)

and Foreign (F ) countries respectively. σ is the inverse elasticity of inter-temporal substitution,

φ is the inverse elasticity of labour supply. The infinitely-lived representative household in the

two country enjoy consumption of a constant elasticity of consumption (CES) composite index

of domestically produced goods and imported goods given by Ct and C∗
t . Nt ≡

∫ 1
0 Nt(h)dh and

N∗
t ≡

∫ 2
1 N

∗
t (f)df denote hours worked H and F respectively. The consumption CES composite

are defined as:

Ct ≡
[
(1− α)

1
ηC

1− 1
η

H,t + α
1
ηC

1− 1
η

F,t

] η
η−1

; (A.2)

C∗
t ≡

[
(1− α)

1
η
(
C∗
F,t

)1− 1
η + α

1
η
(
C∗
H,t

)1− 1
η

] η
η−1

(A.3)

where where α ∈ (0, 1) measures the degree of openness of the two economy economy and η > 0 is

the elasticity of substitution between H and F goods. The aggregate consumption index of H and

F produced goods are given by the CES function:

CH,t ≡
[∫ 1

0
Ct(h)

ε−1
ε dh

] ε
ε−1

and CF,t ≡
[∫ 2

1
Ct(f)

ε−1
ε df

] ε
ε−1

(A.4)

h ∈ [0, 1] and f ∈ [0, 1] denotes the good variety in each country. ε > 1 is the elasticity of

substitution between the differentiated goods produced in each country. Assuming complete market

for assets traded internationally, the representative household in each country seeks to maximize
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(A.1) subject to the following sequence of budget constraints:∫ 1

0
Pt(h)Ct(h)dh+

∫ 1

0
Pt(f)Ct(f)df + Et

{
Qt,t+1Dt+1

}
+ Et

{
Q∗
t,t+1Et+1D

∗
t+1

}
≤ Dt + EtD∗

t +WtNt + Tt∫ 2

1
P ∗
t (h)C

∗
t (h)dh+

∫ 2

1
P ∗
t (f)C

∗
t (f)df + Et

{
Q∗
t,t+1D

∗
t+1

}
+ Et

{
Qt,t+1Et+1Dt+1

}
≤ D∗

t + EtDt +W ∗
t N

∗
t + T ∗

t

where Pt(h) and Pt(f) are the prices of H and F produced goods in terms of country H’s currency,

respectively. Dt+1 and D∗
t+1 are the nominal payoff in period t+ 1 of the portfolio held at the end

of period t in terms of country H’s currency. Qt,t+1 and Q∗
t,t+1 are the stochastic discount factor

for one period ahead nominal payoffs on H and F bonds. Et is the nominal bilateral exchange

rate expressed as the price of F country currency in terms of H currency. Thus, Et measures how

many H currency units one F country currency unit is worth. An increase in Et corresponds to a

depreciation. Wt and Tt are the nominal wage and lump-sum transfers (taxes), respectively. The

optimal allocation of expenditure between H and F goods across varieties in each country is thus

given by the following demand functions:

Ct(h) =

(
Pt(h)

PH,t

)−ε
CH,t, and Ct(f) =

(
Pt(f)

PF,t

)−ε
CF,t (A.5)

C∗
t (h) =

(
P ∗
t (h)

P ∗
H,t

)−ε

C∗
H,t, and C

∗
t (f) =

(
P ∗
t (f)

P ∗
F,t

)−ε

C∗
F,t (A.6)

where PH,t ≡
(∫ 1

0 Pt(h)
1−εdh

) 1
1−ε

and P ∗
F,t ≡

(∫ 2
1 Pt(f)

1−εdf
) 1

1−ε
are the producers price indices

(PPIs) in H and F country respectively. P ∗
H,t and PF,t, the price of imported goods, are defined

analogously to PH,t and P
∗
F,t. The optimal allocations of expenditures between domestic and im-

ported goods are given by:

CH,t = (1− α)

(
PH,t
Pt

)−η
Ct and CF,t = α

(
PF,t
Pt

)−η
Ct (A.7)

C∗
H,t = α

(
P ∗
H,t

P ∗
t

)−η
C∗
t and C∗

F,t = (1− α)

(
P ∗
F,t

P ∗
t

)−η
C∗
t (A.8)

where Pt ≡
[
(1− α)P 1−η

H,t + αP 1−η
F,t

] 1
1−η

and P ∗
t ≡

[
(1− α)∗

(
P ∗
F,t

)1−η
+ (α)∗

(
P ∗
H,t

)1−η] 1
1−η

are

the aggregate Consumption Price Indices (CPIs) in the H and F country respectively. Combining

(A.5) with the definition of PPIs, prices of imported goods and the definition of CPIs implies that

the total consumption expenditures by domestic households is PH,tCH,t + PF,tCF,t = PtCt and the

total consumption expenditures by foreign households is P ∗
H,tC

∗
H,t + P ∗

F,tC
∗
F,t = P ∗

t C
∗
t . Thus, the
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household’s problem in each country comes down to maximize (A.1) subject to:

PtCt + Et (Qt,t+1Dt+1) + Et
(
Q∗
t,t+1Et+1D

∗
t+1

)
≤ Dt +D∗

t +WtNt + Tt

P ∗
t C

∗
t + Et

(
Q∗
t,t+1D

∗
t+1

)
+ Et (Qt,t+1Et+1Dt+1) ≤ D∗

t +Dt +W ∗
t N

∗
t + T ∗

t

The households optimizing behavior with respect to the two assets in country H yields the

following symmetric consumption Euler equations (inter temporal optimality conditions) with the

same equations holding for country F :

1 = Et

(
Mt+1Rt

)
(A.9)

1 = Et

(
Mt+1

Et+1

Et
R∗
t

)
(A.10)

where Mt+1 = βEt

{
Pt
Pt+1

(
Ct+1

Ct

)−σ}
, Rt = Et

{
1

Qt,t+1

}
and R∗

t = Et

{
1

Q∗
t,t+1

}
are the gross

nominal return of on a one-period riskless domestic and foreign bonds in t+ 1. The intratemporal

optimality conditions for hours are given by:

Cσt N
φ
t =

Wt

Pt
and (C∗

t )
σ(N∗

t )
φ =

W ∗
t

P ∗
t

(A.11)

The log-linearized version of the symmetric equation (A.9) are given by:

ct = Et (ct+1)−
1

σ
{it − Et (πt+1)} (A.12)

c∗t = Et
(
c∗t+1

)
− 1

σ

{
i∗t − Et

(
π∗t+1

)}
(A.13)

where πt = pt − pt−1 and π∗t = p∗t − p∗t−1 are the CPIs inflation rate. it and i∗t are the nominal

interest rate.

The log-linearized version of the symmetric equations (A.11) are given by:

wt − pt = σct + φnt (A.14)

w∗
t − p∗t = σc∗t + φn∗t (A.15)
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A.1.2 Terms of trade, inflation

I assume that the law of one price (LOP) holds for individual goods so that Pt(f) = EtP ∗
t (f) and

Pt(h) = EtP ∗
t (h). This means that the price indices for each country is given by PF,t = EtP ∗

F,t and

PH,t = EtP ∗
H,t

21. Define the terms of trade as St ≡
PF,t

PH,t
. Replace log(PF,t) in st ≡ log(St) yield an

expression of the terms of trade as a linear function of the effective nominal exchange rate and the

gap between the F price and the price on H produced goods:

st = p∗F,t + et − pH,t (A.16)

Similarly, log-linearizing the CPIs equations around the steady state where PH = PF = P gives

pt = pH,t + αst (A.17)

p∗t = pF,t + αst (A.18)

which in first difference gives the following approximate relation between CPIs, domestic prices

and the terms of trade:

πt = πH,t + α∆st (A.19)

π∗t = π∗F,t − α∆st (A.20)

where πH,t ≡ pH,t − pH,t−1 and π∗F,t ≡ p∗F,t − p∗F,t−1 denote country H and F domestic inflation

respectively. The gap between domestic inflations and CPIs inflation are proportional to the per-

centage change in terms of trade, with the coefficient of proportionality given by the openness index

α.

A.1.3 Real exchange rate

The real exchange is defined as the ratio of the the two countries CPI’s expressed in term of country

H currency: Qt ≡ EtP ∗
t

Pt
. Combining qt ≡ log(Qt with the previous definition of log(PH,t), log(PF,t)

and equation (A.16) gives:

qt = (1− 2α)st, (A.21)

21Note that however, purchasing power parity only holds for intermediate degrees of trade openness: Pt ̸= EtP
∗
t .
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A.1.4 International risk sharing and Uncovered Interest Rate parity (UIP)

The complete market assumption for internationally traded securities means that a condition anal-

ogous to (A.9) must also hold for the representative household in the F country:

1 = Et

(
M∗
t+1

Et+1

Et
R∗
t

)
(A.22)

Divide (A.9) by (A.22) and solve for Ct gives:

Ct = ϑC∗
tQ

1
σ
t (A.23)

where ϑ ≡ Et

{
Ct+1

C∗
t+1(Q

∗
t,t+1)

1
σ

}
is a constant that depends on initial conditions. Taking the log of

the previous equality gives the international risk-sharing condition:

ct = c∗t +
1

σ
(1− 2α)st (A.24)

Furthermore, from (A.9) and (A.10), the following arbitrage condition must holds:

Q∗
t,t+1

Qt,t+1
= Et

{
εt+1

εt

}
Log-linearizing gives the uncovered interest rate parity (UIP) condition:

it − i∗t = Et (et+1)− et (A.25)

A.1.5 Firms

There is a continuum of monopolistic firms in the H and F country that produce differentiated

goods with a linear technology given by:

Yt(h) = AtNt(h) and Y
∗
t (f) = A∗

tN
∗
t (f) (A.26)

where Yt(h) and Y
∗
t (f) are the output; At and A

∗
t are technology shifter for all firms in countries

respectively; Nt and N∗
t are the labor input used in the production process for both countries.

The CES production functions for both economies are defined as Yt ≡
[∫ 1

0 Yt(h)
ε−1
ε dh

] ε
ε−1

and

Y ∗
t ≡

[∫ 2
1 Y

∗
t (f)

ε−1
ε df

] ε
ε−1

. Each firms in each country face a demand function given by (A.5) and

(A.6) and set their prices in a staggered way à la Calvo (1983): in each period, only a fraction
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1 − θH , (θH ∈ [0, 1]) and 1 − θF , (θF ∈ [0, 1]) of firms in each country are able to change their

prices and fix a new price P̄H,t and P̄
∗
F,t. The remaining fraction θH and θF adjust their prices by

indexing to the last period’s inflation. Firms charging new prices seek to maximize the discounted

expected value of profits subject to a sequence of demand constraint

Yt(h) =

(
Pt(h)

PH,t

)−ε
Yt and Y

∗
t (f) =

(
P ∗
t (f)

P ∗
F,t

)−ε

Y ∗
t (A.27)

Solving this optimization problem gives the following first order conditions (FOCs):

P̄H,t = Et

(∑∞
k=0 θ

k
HQt,t+kYt+k

ε
ε−1PH,t+kMCH,t+k∑∞

k=0 θ
k
HQt,t+kYt+k

)

P̄ ∗
F,t = Et

(∑∞
k=0 θ

k
FQ

∗
t,t+kYF,t+k

ε
ε−1P

∗
F,t+kMC∗

F,t+k∑∞
k=0 θ

k
FQ

∗
t,t+kYF,t+k

)

whereMCH,t andMC∗
F,t are theH and F countries real marginal costs respectively. Log-linearizing

the FOCs gives:

p̄H,t = µ+ (1− βθH)Et

∞∑
k=0

(βθH)
k [pH,t+k +mct+k] (A.28)

p̄∗F,t = µ+ (1− βθF )Et

∞∑
k=0

(βθF )
k
[
p∗F,t+k +mc∗t+k

]
(A.29)

where µ = ln ε
ε−1 is the log of the gross markup, or equivalently, the equilibrium markup in the

flexible price economy.

A.1.6 Equilibrium - Aggregate demand

The market-clearing conditions are given by:

Yt(h) = Ct(h) + C∗
t (h)

Y ∗
t (f) = Ct(f) + C∗

t (f).

Substituting Equations (A.5) - (A.8), (A.23) and (A.27) into the above equalities yields:

Yt =

(
PH,t
Pt

)−η
Ct

[
(1− α) + αQη− 1

σ
t

]
;

Y ∗
t =

(
P ∗
F,t

P ∗
t

)−η
C∗
t

[
(1− α) + αQ−(η− 1

σ )
t

]
,
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which give in log-lineared form around a symmetric steady state:

yt = ct +
αω

σ
st (A.30)

y∗t = c∗t −
αω

σ
st (A.31)

where ω ≡ α[2(1 − α)(ση − 1) + 1] > 0. If each country behaves like a closed economy (α → 0

), yt = ct and y
∗
t = c∗t . This means that each country’s output equals its domestic consumption.

Inserting (A.30), (A.31) into (A.24), gives the following expression:

st =
σ

ω4 + 1
(yt − y∗t ) , (A.32)

where ω4 ≡ 4α(1 − α)(ση − 1). The terms of trade depend on the difference in the output of

countries H and F . Finally, replace for ct from (A.30) and (A.31) into the Euler equations (A.12)

- (A.13) and insert (A.41) and (A.42) to get22:

yt = Etyt+1 −
1

σ
{it − EtπH,t+1} −

ω2

σ
Et∆st+1 (A.33)

y∗t = Ety
∗
t+1 −

1

σ

{
i∗t − Etπ

∗
F,t+1

}
+
ω2

σ
Et∆st+1 (A.34)

with ω2 ≡ 2α(1− α)(ση − 1). The IS equations are similar to the one in a closed economy except

that now there is an additional term linking domestic output to the international environment due

to the presence of international trade. When each country is closed, or when both the coefficient

of relative risk aversion and the elasticity of substitution between goods produced in countries H

and F are unity (σ = η = 1 ), we get the closed economy New Keynesian IS curve. Another

representation is found by inserting for st into equations (A.33) and (A.34) :

yt = Etyt+1 −
1

σω
{it − EtπH,t+1}+

ω2

ω2 + 1
Et∆y

∗
t+1 (A.35)

y∗t = Ety
∗
t+1 −

1

σω

{
i∗t − Etπ

∗
F,t+1

}
+

ω2

ω2 + 1
Et∆yt+1 (A.36)

where σω ≡ (ω2+1)σ
ω4+1 . Note that the degree of α influences the sensitivity of output to the domestic

real interest rate.

22Note that replacing for ct from (A.30) and (A.31) into the Euler equations (A.12) - (A.13) only gives a version
of the IS equation the function of the CPIs.
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A.1.7 Equilibrium - Trade balance

The Home country net exports are define as the difference between the total Home production and

the total Home consumption relative to Home steady state output :

NXt ≡
Yt −

Pt
PH,t

Ct

Y
(A.37)

The first-order approximation around the symmetric steady state where Pt = PH,t = P and Yt =

Ct = Y and zero net export, yields:

nxt ≈
Y − P

P Y

Y
+

1

Y

[
(Yt − Y )− P

P
(Ct − C)− 1

P
C (Pt − P ) +

1

P 2
PC (PHt − P )

]
=
Yt − Y

Y
− Ct − C

C
− Pt − P

P
+
PHt − P

P

= (yt − y)− (ct − c)− (pt − p) + (pHt − p) = yt − ct − pt + pHt

substitute for st from (A.18):

nxt = yt − ct − αst

Finally, insert for yt − ct from (A.30) to get:

nxt = α
(ω
σ
− 1
)
st (A.38)

In the special case with σ = ε = 1, nxt = 0∀t, though the latter property will also hold for any

configuration satisfying ω − σ ≡ σε + (1− α) (σε− 1) − σ = 0. More generally, the sign of the

relationship between the terms of trade and net export is ambiguous, depending on the relative size

of σ, ε.

A.1.8 Equilibrium - Aggregate supply

Market clearing in the labor market:

Nt =

∫ 1

0
Nt(h)dh and N∗

t =

∫ 2

1
N∗
t (f)df

From (A.26), Nt(h) =
(
Yt(h)
At

)
and N∗

t (f) =
(
Y ∗
t (f)
At

)
. Replace these into the above equations with

the market clearing conditions (A.30), (A.31) and the consumption demands (A.5), (A.6) to get:
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Nt =
YtVt
At

and N∗
t =

YtV∗
t

A∗
t

(A.39)

where Vt ≡
∫ 1
0

(
Pt(h)
PH,t

)−ε
dh and V∗

t ≡
∫ 2
1

(
P ∗
t (f)
P ∗
F,t

)−ε
df denote the levels of price dispersion in

countries H and F , respectively. A first-order approximation around the deterministic steady state

of Vt ≈ V∗
t ≈ 1. Hence, log-linearizing (A.39) yields:

yt = at + nt and y∗t = a∗t + n∗t . (A.40)

Using equations (A.28) and (A.29), one can solve for the respective domestic inflation as:

πH,t = βEt (πH,t+1) + λHmcH,t (A.41)

π∗F,t = βEt
(
π∗F,t+1

)
+ λFmc

∗
F,t (A.42)

where β is the discount factor, λH =
(
(1 − βθH)(1 − θH)

)
/θH , λF =

(
(1 − βθF )(1 − θF )

)
/θF and

mcH,t, mcF,t are the real marginal cost.

The real marginal cost in countries H and F are given by MCH,t ≡
WH,tRt

PH,tAH,t
and MC∗

F,t ≡
W ∗

F,tR
∗
t

P ∗
F,tAF,t

respectively. Taking these in and adding and subtracting pt log yield:

mcH,t = (wH,t − pt) + it + (pt − pH,t)− at

mcF,t = (wF,t − pt) + it + (pt − pF,t)− a∗t

Insert in these equations (A.14), (A.15), the log-linear version of the CPIs, (A.24), (A.40) and

(A.32) to get:

mcH,t =
ς

ω4 + 1
yt +

ω2σ

ω4 + 1
y∗t + it − (1 + φ)at (A.43)

mcF,t =
ς

ω4 + 1
y∗t +

ω2σ

ω4 + 1
yt + i∗t − (1 + φ)a∗t (A.44)

where at = ρaat−1 + va and a∗t = ρ∗aa
∗
t−1 + va∗ are the log deviation of the exogenous AR(1)

productivity from their steady-state values. ς ≡ (ω2 + 1)σ + (ω4 + 1)φ, ω2 ≡ 2α(1 − α)(ση − 1)

and ω4 ≡ 4α(1− α)(ση − 1).

Finally the natural levels of outputs ynt and (ynt )
∗ are obtained by taking the flexible version of

(A.43) and (A.44)

mcH,t =
ς

ω4 + 1
ynt +

ω2σ

ω4 + 1
y∗t + it − (1 + φ)at

mcF,t =
ς

ω4 + 1
(ynt )

∗ +
ω2σ

ω4 + 1
yt + i∗t − (1 + φ)a∗t
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Solve for the respective natural output to get:

ynt =
ςψ

δ
at −

ω2σψ

δ
a∗t and (ynt )

∗ =
ςψ

δ
a∗t −

ω2σψ

δ
at (A.45)

with ψ ≡ (ω4 + 1) (1 + φ) and δ ≡ σ2 (2ω2 + 1) + 2σφ (ω2 + 1) (ω4 + 1) + φ2 (ω4 + 1)2.

A.1.9 The two-country New Keynesian Phillips curve and the Dynamic IS equations

Define country H output gap as ỹt ≡ yt − ynt and country F output gap as ỹ∗t ≡ y∗t − (ynt )
∗. The

respective domestic real interest rate implies that it ≡ rt +EtπH,t+1 and i∗t ≡ r∗t +Etπ
∗
F,t+1. Using

these, (A.35) and (A.36) becomes:

yt = Etyt+1 −
1

σω
{rt − ρ}+ ω2

ω2 + 1
Et∆y

∗
t+1 (A.46)

y∗t = Ety
∗
t+1 −

1

σω
{r∗t − ρ}+ ω2

ω2 + 1
Et∆yt+1 (A.47)

So, the respective natural output can be define in the same way as:

ynt = Ety
n
t+1 −

1

σω
{rnt − ρ}+ ω2

ω2 + 1
Et∆y

∗
t+1 (A.48)

(ynt )
∗ = Et(y

n
t+1)

∗ − 1

σω
{(rnt )∗ − ρ}+ ω2

ω2 + 1
Et∆yt+1 (A.49)

By taking the difference between (A.46) and (A.48) and between (A.47) and (A.49), we get the

New Keynesian IS curves for the open economies:

ỹt = Etỹt+1 −
1

σω
{it − EtπH,t+1}+

ω2

ω2 + 1

{
Et∆ỹ

∗
t+1

}
+

1

σω
rnt (A.50)

ỹ∗t = Etỹ
∗
t+1 −

1

σω

{
i∗t − Etπ

∗
F,t+1

}
+

ω2

ω2 + 1
{Et∆ỹt+1}+

1

σω
(rnt )

∗ (A.51)

where rnt ≡ −Θat − Ω1a
∗
t and (rnt )

∗ ≡ −Θa∗t − Ω1at are the real natural interest rates. Θ ≡
σ(1−ρa)ψ[(ω2+1)ς−ω2

2σ]
(ω4+1)δ and Ω1 ≡ σ(1−ρ∗a)ω2ψ[s−σ(ω2+1)]

(ω4+1)δ .

Finally, combine the output gaps definition and the condition on real marginal costs under

the flexible-price equilibrium where the real marginal cost is constant, and then By insert this into

(A.43) and (A.44) to get:

mcH,t =
ς

ω4 + 1
ỹt +

ω2σ

ω4 + 1
ỹ∗t + rt and mc∗F,t =

ς

ω4 + 1
ỹ∗t +

ω2σ

ω4 + 1
ỹt + r∗t
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The fluctuations in the real marginal costs depend on the output gap and the cost channel.

Substituting these equations into (A.41) and (A.42) yields the New Keynesian Philips curve

for the open economies:

πH,t = βEt (πH,t+1) + κω (ỹt + ỹ∗t ) + it (A.52)

π∗F,t = βEt (πF,t+1) + κω (ỹ
∗
t + ỹt) + i∗t , (A.53)

with κω ≡ κς
ω4+1 .

A link between CPIs inflation and domestic inflations, are obtained by replacing (A.32), the

definition of the output gap and (A.45) into equations (A.19) and (A.19):

πt = πH,t +
ασ

ω4 + 1
∆ỹt −

ασ

ω4 + 1
∆ỹ∗t + it +Ω2∆at − Ω2∆a

∗
t (A.54)

π∗t = π∗F,t +
ασ

ω4 + 1
∆ỹ∗t −

ασ

ω4 + 1
∆ỹt + i∗t +Ω2∆a

∗
t − Ω2∆at (A.55)

with Ω2 ≡ ασ(1+φ)(ς+ω2σ)
δ .

A.1.10 Monetary policy and equilibrium dynamics

I assume that the central bank in each country follow a Taylor rule:

it = ρiit−1 + (1− ρi) (ϕππt + ϕỹỹt) + vm,t (A.56)

i∗t = ρ∗i i
∗
t−1 + (1− ρ∗i )

(
ϕ∗ππ

∗
t + ϕ∗ỹ∗ ỹ

∗
t

)
+ v∗m,t (A.57)

where ϕỹ and ϕπ are the central bank’s reaction coefficients to the output gap and CPI inflation

in country H. Similarly, ϕ∗ỹ∗ and ϕ∗π are the country F central bank’s reaction coefficients to the

output gap and CPI inflation. Monetary policy shocks are represented by vm,t = ϵm and v∗m,t = ϵ∗m,

which are independent and identically distributed in both economies.
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A.2 Model calibration

Parameters Home: U.S. Foreign: Eu. area Source
β, discount factor 0.99 0.99
σ, risk aversion 2 2
η, substitution H/F 1.01 1.01 Cacciatore and Traum (2018)
θ, Calvo parameter 0.86 0.58 Cacciatore and Traum (2018)
φ, Inverse Frisch elasticity 1.69 2.25 Cacciatore and Traum (2018)
α, Openness 0.3 0.3
ρr, smoothness monetary policy 0.75 0.81 Cacciatore and Traum (2018)
ϕπ, Feedback Taylor rule inflation 2.17 1.90 Cacciatore and Traum (2018)
ϕy, output feedback Taylor Rule 0.05 0.18 Cacciatore and Traum (2018)
ρrnat, 0.90 0.90
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B Extension of the zero lower bound (ZLB)

In the ZLB simulation, the Home central bank follows a monetary policy rule with the ZLB con-

straints on nominal interest rates:

it = max (0, ρiit−1 + (1− ρi) (ϕππH,t + ϕỹỹt) + vt) (B.1)

ϕπ denotes the Taylor rule sensitivity to inflation, ϕỹ denotes the Taylor rule sensitivity to output

gap, and ρi is the interest rate smoothing parameter. vt is the exogenous monetary policy shock.

In this specification, initially, a negative shock to the natural interest rate takes the Home economy

into a recession and the ZLB (liquidity trap) for a certain period of time. The initial shock is

expressed as a first order auto regressive process (AR(1)):

rnt = ρrnatr
n
t−1 + εn (B.2)

where ρrnat is the AR processes coefficient, εn is the natural interest rate independent shock.

Figure 9: SOE-NK model response to a four quarters ahead credible forward guidance shock.
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Following the shock, the Home central bank announce its commitment to extend the ZLB for
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longer periods than suggested by the Taylor rule. This froward guidance policy adopted by the

Home country can be thought of as the “calendar-based” forward guidance of the Federal reserve in

2011. Panel (b) of figure ?? illustrates the responses and the subsequent economic dynamics of the

model. The solid black line shows the impulse response to a negative shock to natural interest rate in

the Home country and the dotted red line, extension of the ZLB. After the negative real interest rate

shock, the economy enter in recession and a liquidity trap for nine quarters. However, an extension

of the ZLB for more than what is suggested help to stimulate the economy. As mentioned by Cook

and Devereux (2016) at the ZLB, the nominal exchange rate appreciates and looses its stabilizing

role. With stronger forward guidance policy, the benefits of the flexible exchange rate is restored:

nominal exchange rate immediately depreciates and both inflation and the output gap rise.

If a country faces a negative demand shock with the monetary policy constrained by the zero

lower bound, inflation expectations fall pushing up relative real interest rate which causes nominal

and real exchange rate appreciation. The exchange rate moves in the wrong direction and exacer-

bates the effects of the negative shocks. However, an optimal credible forward guidance, that is, a

credible commitment of accommodative monetary policy in the future after the shock can ensure

an immediate contemporaneous depreciation of the exchange rate. The optimal credible forward

guidance can then be a useful instrument to activate the exchange rate channel of monetary policy,

yet, there is no conclusive evidence on whether this mechanism is actually present in the data. ex-

change rate regime is thus a shock absorber that allows nominal and real depreciation in response

to negative shocks, delivering efficient macroeconomic stabilization. However, since 2008, most

central banks lost their conventionnal tools, the nomimal interest rate, stucks at the zero lower

bound. Cook and Devereux (2016) using a New-Keynesian framework argue that if a country faces

a negative demand shock with the monetary policy constrained by the zero lower bound, inflation

expectations fall pushing up relative real interest rate which cause nominal and real exchange rate

appreciaton as the policy rate cannot be lowered. Thus, the exchange rate moving in the wrong

direction exacerbates the effects of the shocks. However, an optimal credible forward guidance, that

is, a credible commitment of accomodative monetary policy in the future after the shock can ensure

an immediate contemporaneous depreciation of the exchange rate. The optimal credible forward

guidance can then be a useful instrument to activate the exchange rate channel of monetary policy,

yet, there is no conclusive evidence on whether this mechanism is actually present in the data.
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C Data description

Data for U.S. and foreign countries are from the St. Louis Federal Reserve Bank database (FRED).

The different bilateral exchange rate are from the Bank for International Settlements (BIS). The

data span from 1986 I to 2019 II for U.S. - U.K., U.S. - Canada, and 1994 I to 2019 II for U.S. -

Euro and U.S. - Japan.

Variable Definition

U.S. GDP deflator FRED: USAGDPDEFQISMEI

Inflation rate
( GDP deflatort
GDP deflatort−1

− 1
)
× 100

U.S. nominal GDP FRED: Seasonnally Adjusted nominal GDP

U.S. real GDP
U.S. nominal GDPt
GDP deflatort

3 months T-bill FRED: monthly to quaterly TB3MS
U.S. nominal money supply FRED: monthly to quaterly M2SL

U.S. real money supply
U.S. real money supplyt

GDP deflatort
SPF 3 months T-bill Phildelphia fed bank: Mean quaterly forecasts
SPF U.S. real GDP Author calculation using Mean quaterly forecasts
SPF U.S. inflation rate Author calculation using Mean quaterly forecasts

U.K. Pound Sterling to One U.S. Dollars FRED: monthly to quaterly EXUSUK =
1

EXUSUK
U.K. real GDP Author calculation from FRED: UKNGD and GBRGDPDEFQISMEI
U.K. Interbank rate FRED: IRSTCI01GBQ156N
Canadian Dollars to One U.S. Dollar FRED: monthly to quaterly EXCAUS
Canada real GDP Author calculation from FRED: Canada nominal GDP and GDP deflator
Central Bank Rates for Canada FRED: IRSTCB01CAQ156N

Euro Community Unit to one U.S. Dollars FRED: monthly to quaterly EXUSEC =
1

EXUSEC
Euro real GDP Author calculation from FRED: EUNNGDP and NAGIGP01EZQ661S
Interbank Rate for the Euro Area FRED: IRSTCI01EZQ156N
Japanese Yen to One U.S. Dollar FRED: monthly to quaterly EXJPUS
Japan real GDP Author calculation from IFS: Japan GDP components
Central Bank Rates for Japan FRED: monthly to quaterly IRSTCB01JPM156N

54

https://fred.stlouisfed.org/series/USAGDPDEFQISMEI
https://fred.stlouisfed.org/series/GDP
https://fred.stlouisfed.org/series/TB3MS
https://fred.stlouisfed.org/series/M2SL
https://www.philadelphiafed.org/surveys-and-data/real-time-data-research/mean-forecasts
https://www.philadelphiafed.org/surveys-and-data/real-time-data-research/mean-forecasts
https://www.philadelphiafed.org/surveys-and-data/real-time-data-research/mean-forecasts
https://fred.stlouisfed.org/series/EXUSUK
https://fred.stlouisfed.org/series/UKNGDP
https://fred.stlouisfed.org/series/GBRGDPDEFQISMEI
https://fred.stlouisfed.org/series/IRSTCI01GBQ156N
https://fred.stlouisfed.org/series/EXCAUS
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=3610010401
https://fred.stlouisfed.org/series/GBRGDPDEFQISMEI
https://fred.stlouisfed.org/series/IRSTCB01CAQ156N
https://fred.stlouisfed.org/series/EXUSEC
https://fred.stlouisfed.org/series/EUNNGDP
https://fred.stlouisfed.org/series/NAGIGP01EZQ661S
https://fred.stlouisfed.org/series/IRSTCI01EZQ156N
https://fred.stlouisfed.org/series/EXJPUS
https://data.imf.org/regular.aspx?key=61545852
https://fred.stlouisfed.org/series/IRSTCB01JPM156N


D Sufficient information test

Following Gelper and Croux (2007) and 16, the full model to be tested is given by

zt = ϕ0 + ϕ1yt−1 + · · ·+ ϕpyt−p + ψ1xt−1 + · · ·+ ψpxt−p + εz,t.

Here zt and yt are the first difference stationary time series, εf,t is an iid sequence with mean zero

and covariance matrix Σz. The null hypothesis (H0) of the test is that xt does not Granger cause

yt:

H0 : ψ1 = ψ2 = · · · = ψp = 0.

Under H0, the restricted model is given by:

zt = yt = ϕ0 + ϕ1yt−1 + · · ·+ ϕpyt−p + εy,t,

where εy,t is an iid sequence with mean zero and covariance matrix Σy.

Consider a sample of size T . The out-of-sample test is conducted in the following three steps:

1. Divides the series zt in two parts: one containing observations 1 to N and a second the

remainingN+1 to T observations. The firstN observations are always included for parameter

estimation. Here by convention with Gelper and Croux (2007) I took N = T/2.

2. Estimate the full and the restricted model by ordinary least squares using only observations 1

to N , and compute recursively the associated forecasts of observation N +1, ẑN+1 and ŷN+1.

Then ẑN+2 and ŷN+2 are forecasted based on the first (N + 1) observations. This procedure

continues recursively up to the end of the series, yielding the series of one-step-ahead forecasts

ẑt and ŷt for t ranging from N +1 up to T . Note that the last forecasts, ẑT and ŷT are based

on model estimated using the first T − 1 observations.

3. Compute the corresponding one-step-ahead forecast errors for t = N+1, . . . , T as uz,t = zt−ẑt
and uy,t = yt − ŷt. These vectors are collected into a matrix of dimension ((N + 1toT )× k),

where the s th row contains the vector of one step ahead forecast errors for observation N+s.

The matrix containing the one-step-ahead forecast errors from the full model will be referred

to by uz and from the restricted model by uy.

4. Compares the forecasting performance of the full and the restricted model using uz and uy.

This is done with two methods:

• Compute the following test statistic to compare the mean squared forecast errors (MSFE)
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of the full and the restricted model

MSFE = log

(
|u′rur|∣∣u′fuf ∣∣

)

where |.| stands for the determinant of a matrix.

• Compute the likelihood ratio test

Reg = P
(
log
(∣∣u′rur∣∣)− log

(∣∣ε̂′ε̂∣∣)) ,
where ε̂ is the residual from the regression ur,t = λ (ur,t − uf,t) + et.

5. The comparison is made by computing the approximate critical values and p-values by a

residual based bootstrap method:

• Estimate the model under the null hypothesis (restricted model y) using the series

y1, y2, . . . , yT . Compute the sequence of residuals r1, r2, . . . , rT .

• Compute the value of one of the test statistic to be called s0 (step 1 to 4).

• Generate Nb = n new time series y∗1, y
∗
2, . . . , y

∗
T according to the restricted model y, with

the unknown parameters replaced by their estimates, and the error terms replaced by a

bootstrap sample (so resampling with replacement) from r1, r2, . . . , rT .

• Compute for each of the Nb series the value of one of the test statistic, resulting in

s∗1, . . . , s
∗
Nb. (step 1 to 4). For computing the test statistics one also uses the values of

xt, which are kept fix.

• The percentage of bootstrap replicates s∗1, . . . , s
∗
Nb exceeding s0 is an approximation of

the p-value. The α-quantile of the bootstrap replicates serves a critical value of the test

at level α.
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E The Normal inverse Wishart Prior

The normal inverse Wishart prior assumes a normal prior for the VAR coefficients and a inverse

Wishart prior for the covariance matrix. This is a conjugate prior for the VAR model. This prior

for the VAR parameters can be specified as follows:

p(α|Σu) ∼ N(α∗, V
⊗

ΣU ), with α = V ec(Φ(L))

and

p(Σu) ∼ IWK(S∗, n)

The V matrix is a diagonal matrix where the diagonal elements are defined as:

(
λ0λ1
lλ3σi

)2

for the coefficient on the lags

(
λ0λ4

)2

for the constant

S∗ is an n× n diagonal matrix were the diagonal element s are given by:

σ2i
λ0

The parameters of the diagonal elements the following interpretation:

λ0: controls the overall tightness of the prior on the covariance matrix.

λ1: controls the tightness of the prior on the coefficients on the first lag. As λ1 → 0 the prior

is imposed more tightly.

λ3: controls the degree to which coefficients on lags higher than 1 are likely to be zero. As λ3

increases coefficients on higher lags are shrunk to zero more tightly.

λ3: controls the prior variance on the constant. As λ4 → 0 the constant is shrunk to zero.
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F Baseline model IRFs of M3, SPF-Tbill and 3m-Tbill to the unanticipated monetary and forward guidance

easing
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Note:The solid black line is the median estimated impulse response (in percent) to a 25 basis
point unanticipated monetary easing. The solid blue triangle line is the median estimated impulse
response (in percent) to a 25 basis point forward guidance easing. Shaded areas indicate the 16%
and 84% credible sets.
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G Baseline model IRFs with contemporaneous sign restrictions

Note:
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H Forward guidance dates for narrative sign restrictions

Starting from the 1990q3 survey, the Federal Reserve Bank of Philadelphia have set the deadlines

for forecasters responses at late in the second to third week of the middle month of each quarter.

Since Sutherland (2020) forward guidance data are monthly, I needed to find good date matching to

impose the narrative restrictions on the quarterly data. Since forecasters deadline is in the middle

month of the quarter, I pick the date conditional on a forward guidance shock being listed in the

first month of the corresponding quarter and followed by forward guidance of the same sign within

the quarter.

2003q4:“Qualitative forward guidance”

Forecasters deadline: 2003-11-14.

FOMC communication: 2003-10-13, 2003-11-10, 2003-12-08.

Statement: “The Committee perceives that the upside and downside risks to the attainment of

sustainable growth for the next few quarters are roughly equal. In contrast, the probability, though

minor, of an unwelcome fall in inflation exceeds that of a rise in inflation from its already low level.

The Committee judges that, on balance, the risk of inflation becoming undesirably low remains the

predominant concern for the foreseeable future. In these circumstances, the Committee believes that

policy accommodation can be maintained for a considerable period.”

2011q4:“Time-contingent forward guidance”

Forecasters deadline: 2011-11-08

FOMC communication: 2011-10-10, 2011-11-14, 2011-12-12.

Statement: “The Committee also decided to keep the target range for the federal funds rate at 0 to

1/4 percent and currently anticipates that economic conditions–including low rates of resource uti-

lization and a subdued outlook for inflation over the medium run–are likely to warrant exceptionally

low levels for the federal funds rate at least through mid-2013.”

2013q1:“State-contingent forward guidance”

Forecasters deadline: 2013-02-11

FOMC communication: 2013-01-14, 2013-02-11, 2013-03-11.

Statement: “To support continued progress toward maximum employment and price stability, the

Committee expects that a highly accommodative stance of monetary policy will remain appropriate

for a considerable time after the asset purchase program ends and the economic recovery strength-

ens. In particular, the Committee decided to keep the target range for the federal funds rate at

0 to 1/4 percent and currently anticipates that this exceptionally low range for the federal funds

rate will be appropriate at least as long as the unemployment rate remains above 6-1/2 percent,

inflation between one and two years ahead is projected to be no more than a half percentage point
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above the Committee’s 2 percent longer-run goal, and longer-term inflation expectations continue

to be well anchored. The Committee views these thresholds as consistent with its earlier date-based

guidance. In determining how long to maintain a highly accommodative stance of monetary policy,

the Committee will also consider other information, including additional measures of labor market

conditions, indicators of inflation pressures and inflation expectations, and readings on financial

developments. When the Committee decides to begin to remove policy accommodation, it will take

a balanced approach consistent with its longer-run goals of maximum employment and inflation of

2 percent.”
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I Narrative sign restriction: shock distribution at the specific narrative dates
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Note:Each row of the figure correspond to the dates of forward guidance announcements used in the
narrative restrictions. The column reports the corresponding specification. The pink bars represent
the posterior distribution of the forward guidance shocks with the narrative sign restrictions on the
corresponding dates. The blue bars are the posterior distribution of the shocks without the narrative
sign restrictions. We can see that the narrative sign restrictions completely squeezes the shocks
posterior distribution to negative part as expected with the applied sign of a negative shocks during
these dates.
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J Shadow rate

The “shadow rate” ssr concept was initially developed by Black (1995). propose another approach

to solve for the ZLB. According to him, so long as investors can hold currency, the nominal short

rate cannot be negative. The existence of currency as a store value may prevent investors to holds

instruments bearing negative interest rate. However, Defining currency as an option, he introduced

the concept of “shadow interest rate” which can be positive or negative. This interest rate can be

resumed as the interest rate in a world without currency: when the short term interest rate is stuck

at zero for a time, one can follow the ”shadow short rate” which can be negative, and whenever it

becomes positive, it just reflect the short term interest rate. The instantaneous risk-free rate it is

then given by the maximum between the shadow rate or zero:

it = max{0, st} (B.1)
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Figure 10: Shadow rate plot
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Note:The solid black line is the median estimated impulse response (in percent) to a 25 basis
point unanticipated monetary easing. The solid blue triangle line is the median estimated impulse
response (in percent) to a 25 basis point forward guidance easing. Shaded areas indicate the 16%
and 84% credible sets.
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K Identified shocks vs purged shocks

-2
-1

0
1

2

1980q1 1990q1 2000q1 2010q1 2020q1
Quarter

FG_Shock_USUK Residuals

U.S.\U.K.

-2
-1

0
1

2

1980q1 1990q1 2000q1 2010q1 2020q1
Quarter

FG_Shock_USCA Residuals

U.S.\Canada

-2
-1

0
1

2

1980q1 1990q1 2000q1 2010q1 2020q1
Quarter

FG_Shock_USJP Residuals

U.S.\Japan

-2
-1

0
1

2

1995q1 2000q1 2005q1 2010q1 2015q1 2020q1
Quarter

FG_Shock_USEU Residuals

U.S.\E.U.

Note:The solid blue lines are the identified shocks with the baseline VAR model. the dotted red line
are the residuals (“purged shocks”) of the regression of the identified shocks on the first difference of
the SPF real GDP and CPI. As we can see there is no significant differences between the “purged
shocks” cleaned from possible information on GDP and CPI forecasts.

65



L Full model IRFs with DK sign restrictions on the SPF GDP and CPI VS baseline model IRFs
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Note:The solid black line is the median estimated impulse response (in percent) to a 25 basis
point unanticipated monetary easing. The solid blue triangle line is the median estimated impulse
response (in percent) to a 25 basis point forward guidance easing. Shaded areas indicate the 16%
and 84% credible sets.
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M IRFs of the SPF GDP and CPI in the full model with and without DK sign restrictions
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Note:The solid black line is the median estimated impulse response (in percent) to a 25 basis
point unanticipated monetary easing. The solid blue triangle line is the median estimated impulse
response (in percent) to a 25 basis point forward guidance easing. Shaded areas indicate the 16%
and 84% credible sets.
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