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Abstract
We study nominal exchange rate dynamics in the aftermath of U.S. monetary 
policy announcements. Using high-frequency interest rate and stock price move-
ments around FOMC announcements, we distinguish between pure monetary pol-
icy shocks and information shocks, which are associated with new information  
contained in the announcements. Contractionary pure policy shocks give rise to a 
strong, but transitory, appreciation on impact. Information shocks also appreciate 
the exchange rate, but the effect builds up only slowly over time and is highly persis-
tent. Thus, we conclude that although the short-run effects on the exchange rate are  
primarily due to pure policy shocks, the medium-run response is driven by informa-
tion effects.

Keywords  Central bank information · High-frequency identification · Proxy-VAR · 
Exchange rate dynamics

JEL  E44 · E52 · E30

1  Introduction

In this paper, we study the response of the U.S. Dollar to information shocks and pure 
monetary policy shocks in the context of FOMC announcements. Although the effects 
of monetary policy on exchange rates have been studied in a number of contributions, 
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typically against the backdrop of the Dornbusch (1976) landmark contribution, the 
overshooting hypothesis (see e.g. Rüth 2020; Inoue and Rossi 2019; Bjørnland 2009; 
Scholl and Uhlig 2008),1 information shocks associated with central bank announce-
ments as a source of exchange rate fluctuations have received less attention. As central 
bank announcements typically reveal news about the central bank’s assessment of the 
state of the economy (see e.g. Campbell et al. 2012; Nakamura and Steinsson 2018; 
Jarocinski and Karadi 2020), financial market participants closely monitor and process 
information provided by central banks. Thus, information shocks may be a source of 
exchange rate fluctuations.

A number of recent contributions emphasize the role of information effects for 
the transmission of monetary policy more generally (Cieslak and Schrimpf  2019; 
Jarocinski and Karadi 2020; Andrade and Ferroni  2021). Market participants 
may interpret contractionary (expansionary) policy announcements as the central  
bank’s reaction to an improved (worsened) economic outlook, which may give rise 
to more optimistic (pessimistic) views regarding the overall macroeconomic situa-
tion. Consider the following example: On January 30th, 2008 the Federal Reserve 
announced a reduction of the federal funds rate target by 50 basis points. This 
announcement resulted in a decline in the 3-month federal funds future and although 
standard textbooks predict an increase in equity prices in such a case, the S&P500 
declined as well. The announcement was accompanied by the following statement 
(Federal Reserve 2008): ”Financial markets remain under considerable stress, and 
credit has tightened further for some businesses and households. Moreover, recent 
information indicates a deepening of the housing contraction as well as some sof-
tening in labor markets.” Thus, the decline in stock prices, despite the lower federal 
funds rate target, may have been the result of information effects, i.e. more pessimis-
tic expectations due to the information conveyed with the announcement.

To study how information shocks influence exchange rate dynamics, we disentan-
gle pure monetary policy shocks and information shocks by imposing sign restric-
tions on high-frequency changes in interest rates and stock prices measured within 
short time windows around central bank announcements. The main identifying 
assumption is that a pure policy shock results in a negative co-movement of high-
frequency changes in interest rates and stock prices, while an information shock 
gives rise to a positive co-movement (Jarocinski and Karadi 2020; Jarocinski 2020; 
Kerssenfischer 2019). Intuitively, a contractionary pure policy shock should lead to 
higher interest rates and lower expected discounted dividends, which in turn leads 
to lower stock prices. However, if stock prices increase, despite a monetary tighten-
ing and higher interest rates, then the stock market movement is likely to reflect a 
more optimistic assessment by the central bank conveyed with the policy announce-
ment. Based on these identifying assumptions, we decompose the high-frequency 

1  Dornbusch (1976) overshooting hypothesis builds on a synthesis of the uncovered interest parity (UIP), 
purchasing power parity, and liquidity effects and holds that an increase in domestic interest rates rela-
tive to foreign interest rates leads to an immediate appreciation followed by a persistent depreciation of 
the domestic currency. A textbook treatment of the nexus of Dornbusch’s overshooting model and UIP is 
available in e.g. Obstfeld and Rogoff (1996).
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interest rate change into pure policy and information components using rotational 
sign restrictions as in Jarocinski (2020). The fact that changes in interest rates and 
stock prices are measured within short windows around announcements ensures that 
these changes reflect surprises associated with the announcement (Kuttner  2001; 
Gürkaynak et al. 2005). As a next step, we use the pure policy and information sur-
prise components as instruments in a proxy VAR as in Gertler and Karadi (2015).2

Our results show that, not accounting for information effects, contractionary 
monetary policy shocks give rise to a sharp appreciation followed by a persistent 
depreciation of the nominal effective exchange rate consistent with the overshooting 
model of Dornbusch (1976) and in line with empirical evidence presented in e.g. 
Bjørnland (2009) and Rüth (2020). Although pure monetary policy and information 
shocks both contribute to the appreciation, the dynamic patterns induced by these 
two shocks differ strongly. A pure monetary policy shock appreciates the U.S. Dol-
lar in the short run, but the effect is transitory, in line with the overshooting model. 
The exchange rate response to an information shock, in contrast, is rather muted on 
impact but becomes more pronounced over the medium run, resulting in a persistent 
appreciation. Thus, the behavior of the exchange rate conditional on the information 
shock is reminiscent of delayed overshooting dynamics in the spirit of Eichenbaum 
and Evans (1995) and Scholl and Uhlig (2008).

To explore these delayed overshooting patterns in greater detail, we estimate the 
responses of ex-post deviations from uncovered interest rate parity (UIP).3 While 
previous papers such as Müller et  al. (2019) or Rüth (2020) include similar exer-
cises, they do not distinguish between policy and information shocks. Despite the 
persistent exchange rate response after an information shock, we do not detect any 
noteworthy reactions of UIP deviations neither to the information shock nor to the 
pure policy shock. Thus, the exchange rate and interest rates jointly adjust in line 
with UIP, despite stark differences in the exchange rate responses. That is, the per-
sistent exchange rate response to the information shock is accompanied by appropri-
ate changes in interest rates, which is in line with a number of recent studies that 
document persistent effects of information shocks on interest rates.4

Although the exchange rate response triggered by the information shock is less 
precisely estimated, the historical decomposition shows that due to the higher per-
sistence of its effects, which accumulate over time, the information shock contrib-
utes substantially to exchange rate dynamics. To the extent that persistent changes in 
the exchange rate are likely to induce more pronounced effects on the economy, our 
results suggest that the implications of exchange rate fluctuations should crucially 

2  Rogers et al. (2018) and Rüth (2020) apply proxy VARs to study exchange rate dynamics.
3  A number of contributions demonstrate that UIP is unconditionally violated in the data (see e.g. 
Fama 1984; Lustig and Verdelhan 2007; Burnside et al. 2011).
4  Several studies find that information effects exert economically significant and persistent effects on 
interest rates (Jarocinski  2020; Jarocinski and Karadi  2020; Breitenlechner et  al.  2021; Pinchetti and  
Szczepaniak 2021). Andrade and Ferroni (2021) find larger interest rate responses to information shocks 
around policy announcements than to pure policy shocks, while Cieslak and Schrimpf (2019) find evi-
dence that information effects on impact account for a larger share in the variance decomposition of bond 
yields of different maturities.
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depend on the type of shock that gives rise to these fluctuations.5 In fact, it may be 
primarily new information about the macroeconomic environment, rather than the 
announcement of the actual policy itself, that results in sizeable effects associated 
with policy-induced variations in the exchange rate.

Given the strong influence of information shocks on exchange rate dynamics, our 
findings suggest that accounting for the potentially counteracting effects that the 
information revealed by central bank announcements exerts, contributes to a better 
understanding of exchange rate movements overall. In addition, our estimates may 
help to calibrate structural models of the monetary transmission mechanism, which 
increasingly incorporate information shocks (e.g. Jarocinski and Karadi 2020).

Our analysis is related to several strands of the literature. The response of the 
exchange rate to monetary policy shocks has been studied in a number of contribu-
tions. Several papers analyze whether exchange rate dynamics are consistent with 
the exchange rate overshooting model of Dornbusch (1976). Eichenbaum and Evans 
(1995) and Grilli and Roubini (1995, 1996) find evidence for delayed overshoot-
ing, i.e., a smaller response of the exchange rate in the short term than in the long 
term (see also Froot and Thaler 1990). Similarly, MacDonald and Popiel (2020) use 
ordering restrictions to identify unconventional monetary policy shocks in the U.S 
and Canada and find that the bilateral exchange rate response reaches its maximum 
only after more than a year following an U.S. policy shock. The maximum response 
after a Canadian unconventional policy shock is reached closer to the impact period, 
however. Scholl and Uhlig (2008) use sign restrictions to identify policy shocks 
and find that the maximum appreciation occurs only after 1 to 2 years. In contrast, 
Faust and Rogers (2003) estimate the maximum exchange rate responses at horizons 
that are close to the impact period. Dery and Serletis (2021) obtain similar results 
using a combination of zero and sign restrictions for identification. Bjørnland (2009) 
identifies monetary policy shocks by imposing long-run monetary neutrality restric-
tions and finds real exchange rate responses consistent with Dornbusch (1976) for 
a number of countries. Inoue and Rossi (2019) identify monetary policy shocks as 
changes in the whole yield curve in response to monetary policy surprises and also 
find support for exchange rate overshooting. Müller et al. (2019) use narrative mon-
etary policy shocks and a local projections framework and find evidence in favor of 
delayed overshooting. In contrast to these studies, we use a high-frequency identifi-
cation approach and emphasize the role of new information conveyed at central bank 
announcements.

Methodologically, our paper is most closely related to Rogers et al. (2018) and 
Rüth (2020). These two contributions use proxy VARs in combination with high-
frequency instruments to identify policy shocks and find evidence in favor of over-
shooting. While these authors do not explicitly consider information shocks, we 

5  Forbes et  al. (2018) distinguish between different types of macroeconomic shocks and find that the 
degree of exchange rate pass-through depends on the shock. Although the analysis does not disentangle 
pure policy and information shocks, it shows that the type of shock triggering exchange rate adjustments 
matters for their implications.
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contribute to this branch of the literature by exploring the exchange rate effects of 
new information conveyed at central bank announcements.6

The paper is structured as follows: Sect. 2 describes our econometric approach 
and the data we use in our estimations. Section 3 presents our main findings, which 
include impulse response functions as well as a historical decomposition. After-
wards, Sect. 4 contains a battery of robustness checks and finally, Sect. 5 concludes.

2 � Estimation and Data

We estimate the following reduced-form VAR model:

where yt is the vector of endogenous variables, c is a vector of constant terms, the 
matrices Bj contain the autoregressive coefficients, and ut is a vector of error terms 
with ut ∼ N (0, Σ). We set p = 6 in our baseline specification.7

The choice of endogenous variables closely follows Gertler and Karadi (2015) 
and Jarocinski and Karadi (2020).8 We include the 1-year government bond yield 
(GS1) as a policy indicator, which should be affected by conventional policy and for-
ward guidance. As the main macroe- conomic variables, we use industrial produc-
tion (IP) and the consumer price index (CPI). To capture financial markets financial 
conditions as channels for policy transmission, we include the S&P500 stock market 
index (S&P500) and the excess bond premium (EBP). And finally, we include the 
spot nominal effective exchange rate index (NEER).

We take logs of IP, CPI, S&P500, and the exchange rate index and multiply the 
resulting series by 100. The remaining series are included without any transforma-
tions. While we focus on the NEER in our baseline analysis, we also estimate the 
model with bilateral exchange rates and excess returns that measure deviations from 
the UIP in Sect. 3.2. We define spot exchange rates as the price of one unit of for-
eign currency in terms of U.S. Dollars. The data ranges from 1984M2 to 2016M12.9 
Table 1 provides details about the variables and the data sources.

We apply a high-frequency identification approach and use pure policy and informa-
tion surprises as instruments in a proxy VAR (Gertler and Karadi 2015; Caldara and 
Herbst 2019; Paul 2020; Swanson 2021). In contrast to ordering and sign restrictions  

(1)yt = c +

p
∑

j=1

Bjyt−j + ut

6  Although Rüth (2020) and Müller et  al. (2019) include estimations with policy shocks purged from 
information effects, they do not analyze the implications of the information shock itself.
7  Although information criteria suggest lower lag orders (AIC: 4 lags and BIC: 2 lags), we use 6 lags to 
appropriately capture the dynamics of the endogenous variables in our baseline estimation, taking into account 
that information criteria may underestimate the true lag length (Kilian 2001; Kilian and Lütkepohl 2017). In 
the robustness analysis we show that our results are not sensitive to the lag order.
8  In the robustness analysis we consider alternative sets of endogenous variables.
9  The start of the sample coincides roughly with the beginning of the Great Moderation and the end date 
is determined by the availability of high-frequency data.
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on the impulse response functions, the high-frequency identification approach has the 
advantage that no restrictions on impulse response functions are needed, which allows us to  
remain agnostic with respect to how the endogenous variables respond to pure pol-
icy and information shocks. An additional advantage of the proxy VAR is that it can 
account for measurement error in the surprise measures that could bias the estimated 
impulse responses (Rüth  2020). And although high-frequency identification can be 
combined with a Cholesky decomposition (Plagborg-Møller and Wolf 2021), the proxy 
VAR has the advantage that we can estimate the model using a sample that starts in 
1984, although data for the instruments are only available from 1990M2 on. By doing 
so, we obtain more efficient estimates (Gertler and Karadi 2015; Rüth 2020).

To construct instruments, we use high-frequency changes in interest rates and 
stock prices between 10 minutes before and 20 minutes after a FOMC announce-
ment, which we take from Jarocinski and Karadi (2020). Specifically, we use the 
3-month federal funds future rate as an interest rate surprise. Gertler and Karadi 
(2015) and Jarocinski and Karadi (2020) emphasize that this series comprises sur-
prises in actual policy rate changes as well as a short term forward guidance com-
ponent. As a stock market surprise, we use the S&P500 index, as is standard in the 
literature (e.g. Cieslak and Schrimpf 2019; Jarocinski and Karadi 2020). Since only 
the announcement by the central bank should have a systematic effect on interest 
rates and financial market variables within such a short time period, these high-
frequency changes can be interpreted as broad policy surprises, i.e., they should be 
correlated with the pure policy shock and the information shock but not with other 
shocks (see e.g. Kuttner  2001; Gürkaynak et  al. 2005; Hamilton  2008; Miranda-
Agrippino 2016). The surprise series are based only on scheduled FOMC meetings 
between 1990M2 to 2016M12.10

We decompose the interest rate surprise into two orthogonal components: the 
pure policy surprise, mpt, and the information surprise, cbit. To do so, we impose 
two key identifying assumptions.11 First, we assume that a pure policy shock gives 
rise to a negative co-movement of interest rate and stock price surprises. A pure 
policy shock typically induces contractionary effects on the economy, resulting in 
lower expected dividends. In addition, the lower future dividends are discounted 
at a higher rate. Both these effects should lead to a decline in stock market prices. 
Indeed, there is strong empirical evidence that a contractionary policy shock is fol-
lowed by lower stock market prices (Miranda-Agrippino and Ricco 2018; Paul 2020; 
Swanson 2021).

The second key identifying assumption is that an information shock moves interest 
rate and equity prices in the same direction. The central bank typically has an infor-
mational edge over private market participants (Romer and Romer 2000), and central 

10  Nakamura and Steinsson (2018) argue that unscheduled meetings may be arranged in response to other 
macroeconomic shocks and that these meetings should therefore be excluded. In addition, if unsched-
uled meetings are not expected by market participants, the pre-meeting asset prices may not capture the 
expected effect of the policy announcement (Caldara and Herbst 2019).
11  See also Cieslak and Schrimpf (2019); Jarocinski and Karadi (2020), who use the same sign restric-
tions.
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bank announcements convey part of the central bank’s private information. The 
announcement of a policy contraction, for instance, may be a response to an improved 
economic outlook. Market participants may therefore interpret such an announcement 
as a signal for an economic outlook that is better than previously expected. In line 
with this argument, Campbell et al. (2012) and Mitchell and Pearce (2020) find that 
contractionary policy announcements increase inflation and output growth expecta-
tions of private forecasters. Since this implies expansionary effects, we assume that 
stock market prices increase as a result. This assumption is backed up by empirical 
studies that find higher stock prices after an interest rate increasing information shock 
(see e.g. Miranda-Agrippino and Ricco  2018; Kerssenfischer  2019; Jarocinski and 
Karadi 2020).

Of the 161 FOMC announcements in our sample that have a non-zero effect on 
the surprises in the federal funds rate future and the S&P500, 53 are characterized 
by a positive co-movement of these surprise measures. In other words, about a third 
of these policy announcements lead to a financial market reaction that is consistent 
with what we would expect after a central bank information shock.

We follow Jarocinski (2020) and use rotational sign restrictions to decompose 
the interest rate surprise into a pure policy component and an information com-
ponent,12 and we use the orthogonalized surprises as instruments for the shocks 
of interest in the proxy VAR. 13 As a starting point for the rotational sign restric-
tions approach, we define a T + p × 2 matrix M that contains the monthly aggre-
gated high-frequency changes in the 3-month federal funds future rate, i, and in the 
S&P500, s, and where T is the sample size. To decompose i into two orthogonal 
components mp and cbi, we first calculate the QR-decomposition of M , such that:

where I2 is an identity matrix of dimension 2 and the diagonal elements in R are 
restricted to be positive. Next, we rotate the orthogonal components in Q using the 
following rotation matrix:

where α is the inverse cosine of 2
√

� . To determine λ, we follow Jarocinski (2020) 
and define a modified vector of interest rate surprises where we set the values in 
the vector i to zero if both surprises have the same sign, as this indicates a domi-
nant information shock in period t. This is essentially the poor man’s sign restric-
tion approach discussed in Jarocinski and Karadi (2020) as an alternative method 

(2)M = QR, Q�Q = I2,

(3)P =

(

cos(�) sin(�)

− sin(�) cos(�)

)

12  Andrade and Ferroni (2021) use a similar approach.
13  The approach suggested in Jarocinski and Karadi (2020) also disentangles policy and information 
effects, but it includes the surprise measures as internal instruments, i.e., as endogenous variables, which 
is not compatible with a proxy VAR. As a robustness analysis, we analyze information effects using the 
approach suggested in Jarocinski and Karadi (2020).
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to disentangle pure policy and information shocks. Using this vector of modified 
surprises, we calculate λ as the variance associated with the non-zero entries in this 
vector relative to the variance of the original vector i. And based on this value for λ, 
which is 86 percent, we calculate α.14

Finally, we use the following matrix D to scale the orthogonalized surprises such 
that they add up to the broad policy surprise i:

Combining these steps, we calculate the orthogonalized surprises as [mp, cbi] = 
QPD and use these two surprises as instruments for the 1-year government bond 
yield in a proxy VAR. As in Montiel Olea et  al. (2021), we calculate the impact 
responses to the two orthogonal shocks as:

where up is a vector containing the residuals in the policy indicator equation and mp 
and cbi are vectors including the pure policy surprise respectively the information 
surprise.15 The two coefficients δmp and δcbi capture the contemporaneous effects of 
the pure policy shock and the information shock on the variables in the system. We 
scale these coefficients such that each of the identified shocks induces a unit increase 
in the 1-year government bond yield on impact.

The Wald-statistics for the covariance between our instruments and the residuals 
in the policy indicator equation as well as for the covariance between the instru-
ments and the full vector of reduced form residuals suggest that our instruments are 

(4)D =

(

r11 cos(�) 0

0 r22 sin(�)

)

(5)
�mp = upmp∕T ,

�cbi = upcbi∕T ,

15  Gertler and Karadi (2015) estimate the contemporaneous response with a two stage approach. First, 
they regress the residuals from the policy indicator equation on the instruments and estimate the com-
ponent in the residuals predicted by the instruments. In the second stage, they regress this component on 
the residuals in the policy indicator equation to estimate the impact effects. Up to scale, estimating δmp 
and δcbi as in Eq. (5) is equivalent to the following approach: 

where the only difference to Gertler and Karadi (2015) is that the last three equations do not include con-
stants, since we use two surprises in a single model to identify two shocks. We also estimated responses 
to the shocks in two separate models containing only a single instrument as in Gertler and Karadi (2015) 
and obtained virtually identical responses.

ut
mp = �0 + �mp mpt + �cbi cbit + �t,

ut
mp = �mp mpt,

ut
cbi = �cbi cbit,

ut = �mput
mp + �cbiucbi

t
+ vt

14  Other approaches, such as the standard sign restrictions approach in Jarocinski and Karadi (2020), 
treat every rotation consistent with the sign restrictions as equally likely, which would include all rota-
tions calculated using values for λ ranging from 17.89 to 100 percent in our application. Thus, even 
extremely low values for λ would be possible, which seems rather unlikely considering our estimated 
variance share of λ = 86 percent as a reference (see Jarocinski 2020, for further details).
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relevant. Finally, we follow Montiel Olea et al. (2021) and use the delta-method to 
calculate asymptotically valid confidence bands.16

3 � Results

3.1 � Effective Exchange Rate

Figure 1 displays the main results. The solid lines show the point estimates and the 
shaded areas represent 68 percent and 90 percent confidence bands. As a first analy-
sis, we show the responses to a broad policy shock, that is, without taking informa-
tion effects into account, in the first column of the figure. A contractionary monetary 
policy shock gives rise to persistent declines in industrial production and the CPI. 
While the stock market declines, the 1-year bond yield and the excess bond pre-
mium increase, indicating tighter financing conditions. These responses are in line 
with the existing literature (see e.g. Gertler and Karadi  2015; Miranda-Agrippino 
and Ricco 2018; Caldara and Herbst 2019). The exchange rate appreciates signifi-
cantly in effective terms on impact and in the first month after the shock. This initial 
appreciation is followed by a slow and highly persistent depreciation back to the pre-
shock level. Since the maximum response, which is about 5 percent, occurs within 
the first quarter after the shock, we interpret these dynamics as being in line with the 
exchange rate overshooting model of Dornbusch (1976) and with the empirical evi-
dence presented in Rüth (2020) and Bjørnland (2009), among others.

Next, we distinguish between pure policy shocks and information shocks. The 
responses to a pure policy shock are displayed in the second column of Figure  1 
and the third column shows the responses to an information shock. The pure policy 
shock induces contractionary effects, with persistent declines in production, con-
sumer prices and equity prices as well as tightened financing conditions. The infor-
mation shock, in contrast, exerts only a small effect on industrial production, but 
leads to higher consumer prices. Stock market prices increase and the lower excess 
bond premium declines.

Turning to the exchange rate, we see that although the exchange rate appreciates 
in response to either of the two shocks, the timing of the effects differs strongly. 
While the maximum response to the pure shock occurs close to impact, as in the 
case of the broad shock, the response is less persistent than in the first column of 
the figure, where the point estimate remains below zero for all horizons shown in 
the figure. The information shock has essentially no effect on the exchange rate in 
the short run, but the effect builds up over time and becomes more pronounced 
over the medium run and reaches its maximum roughly 2 years after the shock. 
Thus, for the case of the information shock we detect a persistent appreciation that 
is reminiscent of delayed overshooting dynamics. In general, the more persistent 

16  Many contributions in the proxy VAR literature calculate error bands using a wild bootstrap algo-
rithm. However, Brüggemann et al. (2016) and Jentsch and Lunsford (2016) show that error bands based 
on this methodology are asymptotically invalid, which is why we use the approach of Montiel Olea et al. 
(2021).



352	 D. Gründler et al.

1 3

Broad MP Shock Pure MP Shock Information Shock

3

2

1

0

-1

-2
0 6 12 18 24 30 36

3

2

1

0

-1

-2
0 6 12 18 24 30 36

3

2

1

0

-1

-2
0 6 12 18 24 30 36

40
20
0

-20
-40

40
20
0

-20
-40

40
20
0

-20
-40

0 6 12 18 24 30 36

5

0

-5

0 6 12 18 24 30 36

5

0

-5

0 6 12 18 24 30 36

5

0

-5

-10

0 6 12 18 24 30 36

-10

0 6 12 18 24 30 36

-10

0 6 12 18 24 30 36

4

2

0

-2

-4
0 6 12 18 24 30 36

2
1

0
-1

-2

0 6 12 18 24 30 36

4

2

0

-2

-4
0 6 12 18 24 30 36

2
1

0
-1

-2

0 6 12 18 24 30 36

4

2

0

-2

-4
0 6 12 18 24 30 36

2
1

0
-1

-2

0 6 12 18 24 30 36

5
0
-5

-10
-15
-20

0 6 12 18 24 30 36

5
0
-5

-10
-15
-20

0 6 12 18 24 30 36

5
0
-5

-10
-15
-20

0 6 12 18 24 30 36

Notes: The figure shows impulse responses (black line) as well as 68%- and 90%-confidence sets (dark- respectively
light-shaded area). The first column refers to a broad policy shock, the second column a pure policy shock and the
third column to an information shock. The sample is from 1984M2 to 2016M12, while instruments are available
only from 1990M2 on.

N
EE

R
(P
er
ce

n
t)

E
B
P

(P
er
ce

n
ta
ge

-p
oi
n
ts
)

C
PI

(P
er
ce

n
t)

IP
(P
er
ce

n
t)

S&
P5

00
(P
er
ce

n
t)

G
S1

(P
er
ce

n
ta
ge

-p
oi
n
ts
)

Fig. 1   IRFs, BL Model
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response of the exchange rate to an information shock is in line with the interest 
rate responses shown in Figure 1. The information shock generates an interest rate 
response that is substantially more persistent than the response to the pure shock, 
a result which is well-documented in the recent literature (see e.g. Jarocinski and 
Karadi 2020; Breitenlechner et al. 2021; Pinchetti and Szczepaniak 2021). Still, the 
delayed exchange rate appreciation that follows an information shock hints at a vio-
lation of the UIP condition.17

Although the medium-run response of the exchange rate to the information shock 
is of a similar order of magnitude as the short-run response to the pure policy shock, 
it is somewhat less precisely estimated as indicated by the rather wide confidence 
bands at higher horizons. Still, the response is significant on the 68% level, indicat-
ing a systematic effect of the information shock on the exchange rate. Overall, it 
appears that the persistence of the response to the broad shock in the first column is 
largely the result of information effects.

To compare the contributions of pure policy and information shocks quantita-
tively, Fig. 2 presents the historical decomposition of the nominal effective exchange 
rate, which we obtain by following the approach suggested in Montiel Olea et  al. 
(2021). The figure depicts the nominal effective exchange rate (black line) on the 
right axis together with the contributions of the two identified shocks on the left 
axis. It has to be noted that since the two shocks are only identified up to a scaling 
factor, only the relative size of the contributions can be interpreted.

Figure 2 shows that the contributions of the pure policy shock fluctuate stronger 
than those associated with the information shock, which is likely due to the sub-
stantially more persistent effects generated by the information shock, as discussed 
above. In other words, the figure indicates that pure policy shocks are more relevant 
when the exchange rate is subject to sharp, but short-lived movements, such as the 
appreciation in late 2008. Longer-lasting movements, in contrast, are primarily due 
to the slowly accumulating effects of the information shock.

3.2 � Bilateral Exchange Rates and Deviations from UIP

To study the effect of monetary policy on foreign exchange markets in more detail and 
take potential heterogeneities into account, we now estimate separate VAR models 
including bilateral exchange rates. To do so, we replace the effective exchange rate index 
by either the British Pound, the Japanese Yen, or the Canadian Dollar exchange rate.18

17  Unfortunately, for the case of the NEER we lack a foreign synthetic interest rate to that would allow 
us to study deviations from UIP. In Sect. 3.2, we study deviations from UIP using bilateral exchange rates 
and corresponding interest rates.
18  We choose these exchange rates since we want to focus on exchange rates to other G7 countries. Due 
to limited data availability, we abstract from an analysis of the U.S. Dollar-Euro exchange rate and esti-
mate the VAR with the U.S. Dollar-Japanese Yen exchange rate and with the U.S. Dollar-Canadian Dol-
lar exchange rate with data starting in 1985M12. For more details, please see Table 1.
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Figure 3 displays responses of these bilateral exchange rates after broad and pure 
policy shocks as well as information shocks.19 We see that the appreciation of the 
Dollar against the British Pound is more persistent compared to the other exchange 
rates. And while the persistence is again strongly driven by the information shock 
in this case, the response to the pure shock is also more persistent than for the other 
exchange rates. The figure also shows that although the information shock gives rise 
to a delayed appreciation in general, with only small effects on impact, the U. S. 
Dollar initially depreciates against the Canadian Dollar, which is partly the reason 
for the dampened impact response to the broad policy shock. Nevertheless, over 
time the U.S. Dollar appreciates slowly in response to the information shock, similar 
to our baseline results. Overall, we conclude that the results for bilateral exchange 
exchange rates are largely similar to our findings for the nominal effective exchange 
rate.

A central assumption in the overshooting model of Dornbusch (1976) is that 
UIP holds. Hence, we can interpret the delayed overshooting patterns that we 
observe in Fig. 3 in response to an information shock as an indication of a viola-
tion of the UIP, conditional on the information shock. UIP implies that the interest 
rate differential between foreign and U.S. interest rates is offset by an expected 
depreciation of the dollar exchange rate over the holding period of a bond. Any 
deviation from the UIP gives rise to ex-post excess returns for investors who short 
the currency with the lower interest rate to benefit from the higher interest rates 
and an exchange rate appreciation implied by delayed overshooting. To perform 
a direct evaluation of UIP in the aftermath of policy announcements, we replace 
the bilateral exchange rates with ex-post deviations from UIP, re-estimate the VAR 
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Notes: The figure shows point estimates of the historical decompositions. These are represented by the colored
areas. Since shocks are only up to scale, the magnitude of these areas (left axis) relative to the black line (right
axis) cannot be interpreted. The black line shows 100 times the log of the nominal effective exchange rate index.
An increase in the coloured areas or the black line are associated with an exchange rate depreciation.

Fig. 2   BL model, historical decomposition of effective exchange rate

19  In this figure we do not show the responses of the macroeconomic variables, which closely resemble 
the responses in the baseline model shown in Fig. 1.
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and calculate their responses to pure monetary policy and information shocks. We 
calculate the ex-post excess returns as:

where st is the exchange rate, i∗
t−h

and it−h are the annualized foreign and U.S. money 
market interest rates for either one month (h = 1) or three months (h = 3) in period 
t − h. The factor 1200/h adjusts the annualized interest rate differential to either 
monthly or quarterly returns. As stated, a decline in st denotes an appreciation of the 
Dollar. Thus, the (ex-post) return reflects the return of an investor who shortens the 
U.S. Dollar in t − h (home country) and goes long in the foreign currency. Proceeds 
from this transaction, which are composed out of the interest rate differential i*− it−h 
and the percentage appreciation or depreciation of the exchange rate from period t 
− h to t, are settled in period t. If λh < 0, the investor receives a negative return from 
the transaction.

Figures  4 and 5 show the responses of the monthly and quarterly ex-post UIP 
deviations, respectively. We see that broad monetary policy shocks give rise to only 

(6)�h
t
=

i∗
t−h

− it−h

1200∕h
+ St − St−h,
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short-lived monthly and quarterly deviations from UIP, which is in line with Rüth 
(2020) and Bjørnland (2009), among others. Note that the responses of the UIP 
deviations are conditional on the monetary policy shock and do not necessarily tell 
us much about whether or not UIP holds unconditionally.20

We also see that the responses to the broad shock mirror the responses to the pure 
shock in the second column of the figure, similar to our findings for the exchange 
rate responses.

The responses to the information shock are shown in last column. Interestingly, 
although the exchange rate responses to the information shock in Fig. 3 are rather 
persistent, the UIP deviations respond only slightly more persistently to the infor-
mation shock than to the pure policy shock. For the Japanese Yen, the response of 
the UIP deviation is somewhat more persistent, but still small. Overall, we con-
clude that the persistence of the exchange rate responses to the information shock 
is only to a small extent mirrored in the responses of the ex-post UIP deviations. 
This may be partly due to the fact that although the exchange rate responses display 
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Fig. 4   IRFs, 1 M UIP residuals

20  The empirical literature regularly finds unconditional deviations from UIP (see e.g. Afat and Frömmel 2021; 
Anderl and Caporale 2022).
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a higher degree of persistence, most of the appreciation still occurs within the first 
few months after the shock and the exchange remains rather stable afterwards. Thus, 
even in the aftermath of an information shock, the contribution of the exchange rate 
movement to the UIP deviation vanishes quickly.

4 � Robustness Analysis

In this section, we support our results by a number of robustness checks. First, we 
check the sensitivity of the results to the choice of the number of autoregressive 
lags. Thus, Figs. 6, 7, 8 and 9 present results for models with p = 4, p = 8, p = 10, 
and p = 12 lags. For the models with higher lag orders, the error bands are some-
what wider than what we obtain with the baseline specification, which might be due 
to the larger number of estimated parameters. Nevertheless, our main conclusions 
are robust with respect to the number of included lags.
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Next, we estimate two models with alternative variables measuring economic 
activity and prices. First, we use the unemployment rate instead of industrial pro-
duction as a broader measure for economic activity. And we replace industrial pro-
duction and the consumer price index with GDP and GDP deflator from Jarocinski 
and Karadi (2020), who use the methodology of Stock and Watson (2010) to obtain 
interpolated monthly series. Both, GDP and the unem- ployment rate can be consid-
ered to be broader measures for economic activity, while the GDP deflator is based 
on producer prices instead of consumer prices. Although these measures are highly 
correlated, they may still cover somewhat different components of the monetary 
transmission mechanism and its effect on the exchange rate.21 Figures  10 and 11 
yield responses to the broad and pure policy shock that are consistent with standard 
macroeconomic theory and closely resemble our baseline findings. Figure 10 sug-
gests that the information shock leads to a decrease in the unemployment rate. Look-
ing at the exchange rate, we see that the response is again similar to the baseline 
results, although the information shock induces a depreciation on impact, prior to 
the persistent appreciation familiar from Fig. 1. Figure 11 shows a small expansion-
ary GDP response following the information shock, which is somewhat in contrast 
to the slightly decreasing response of industrial production in Fig.  1. Overall, the 
responses are similar to our baseline results.

As a next step, we consider different monetary policy instruments. In particu-
lar, we replace the 3-month federal funds future surprise with the first principal 
component of surprises in the current month and 3-month federal funds rate and 
the 2-quarter, 3-quarter, and 4-quarter eurodollar future as an interest rate surprise, 
which we take from Jarocinski and Karadi (2020).22

This surprise measure contains forward guidance elements to a larger degree.23 
Figure 12 shows that the results based on this instrument are in line with our base-
line results.

Finally, we consider the methodology from Jarocinski and Karadi (2020), 
which differs from our baseline model in several aspects. The model is esti-
mated with Bayesian methods and a Minnesota-type prior. The surprises in the 
3-month federal funds future and the S&P500 are added as endogenous variables. 
And although the same sign restrictions as in Sect. 2 are used, the restrictions are 
imposed on the responses of two surprise measures in the VAR. Apart from the 
two surprise measures, we use the same endogenous variables as in our baseline 
analysis and we set the lag length to 6. Figure 13 illustrates the results. Interest-
ingly, despite the results are based on a relatively different methodology, they are 
still quite similar as in Fig. 1. With respect to the exchange rate, our main conclu-
sion remain valid.

21  The reason why we do not use these variables already in the baseline model is that GDP and GDP 
deflator have to be interpolated to be available at monthly frequency, while the unemployment rate may 
respond with a delay.

23  A drawback of this measure is, however, that eurodollar futures are not as liquid as federal funds 
futures (see e.g. Jarocinski and Karadi 2020).

22  This surprise is also used in Gürkaynak et al. (2005) and Nakamura and Steinsson (2018).
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Fig. 10   IRFs, Model with unemployment rate
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Fig. 11   IRFs, Model with GDP and GDP Deflator
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Fig. 12   IRFs, Model with principal component of surprises
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Fig. 13   IRFs, Jarocinski and Karadi (2020) Model
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5 � Conclusion

In this paper, we investigate exchange rate responses after policy announcements 
and distinguish between pure monetary policy shocks and information shocks, 
which are the result of new information conveyed in central bank announcements. 
We apply rotational sign restrictions as in Jarocinski (2020) to decompose high- 
frequency changes in the interest rate into a pure policy surprise and an information 
surprise and use these two orthogonal components as instruments in a proxy VAR 
to study the role of pure monetary policy and information shocks for exchange rate 
movements.

We find that although pure monetary policy shocks as well as information shocks 
give rise to exchange rate fluctuations, the dynamics generated by these two types of  
shock differ. Contractionary pure policy shocks evoke an appreciation on impact 
in line with the exchange rate overshooting model of Dornbusch (1976). While the 
response to pure policy shocks is initially pronounced, it is also transitory. Infor-
mation shocks, in contrast, give rise to a delayed, albeit highly persistent, appre-
ciation. And due to their persistent effects, information shocks contribute strongly 
to exchange rate fluctuations throughout the sample, as illustrated by a historical 
decomposition.

Our results suggest that the exchange rate channel of monetary policy does not 
only transmit pure policy shocks, but also information shocks. And these informa-
tion shocks, due to their persistent effects, may play an even more prominent role 
than pure policy shocks in terms of macroeconomic implications. While a detailed 
analysis of these implications is beyond the scope of the paper, it represents an inter-
esting avenue for future research.
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