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Non-technical summary

Research Question

There is a traditional view that flexible exchange rates allow the real exchange rate to
depreciate in response to a negative domestic demand shock. This real depreciation then
delivers efficient macroeconomic stabilization. However, when monetary policy is
constrained by the zero lower bound (ZLB), the New Keynesian argument is that the real
exchange rate appreciates in response to a negative domestic demand shock and
exacerbates the adverse macroeconomic effects at the ZLB. However, when monetary
policy is able to accommodate the adverse effects of a negative domestic demand shock
via unconventional measures, the model can generate a real depreciation at the ZLB. We
attempt to answer the question, which of these counteracting exchange rate channels
prevails at the ZLB.

Contribution

We examine these opposing exchange rate responses empirically. We compare times
when the European Central Bank's (ECB’s) policy rate was either unconstrained or
constrained by the ZLB. Based on monthly data from 1999 to 2020, we empirically
estimate the effects of a negative euro area demand shock on the real exchange rate,
inflation expectations, output, and prices in the euro area vis-a-vis Canada, Japan, and the
US.

Results

We find that the euro area’s real exchange rate depreciates when interest rates are not at
the ZLB but also when they are. Furthermore, our empirical results show that the real
exchange rate can absorb considerable variations in euro area output, confirming its
shock-absorbing capacity before but also during the ZLB episode. Therefore, the
exchange rate plays also an important role in stabilizing the economy at the ZLB. The
stabilizing role of the exchange rate is accompanied by a significant expansion of the
ECB’s balance sheet in the ZLB period. In this respect, the ECB's unconventional policies
at the ZLB supported a real depreciation, which helped to absorb cyclical developments
in response to the adverse demand shock. Overall, our empirical results are in line with
the implications of an open economy New Keynesian model with unconventional

measures when interest rates are at the ZLB.



Nichttechnische Zusammenfassung

Fragestellung

Der traditionellen Auffassung zufolge kann unter einem flexiblen Wechselkursregime der
reale Wechselkurs als Reaktion auf einen heimischen negativen Nachfrageschock abwer-
ten. Diese reale Abwertung flihrt dann zu einer gesamtwirtschaftlichen Stabilisierung. An
der Nullzinsgrenze kommt es aus neukeynesianischer Sicht als Reaktion auf einen heimi-
schen negativen Nachfrageschock jedoch zu einer realen Wechselkursaufwertung, wel-
che die adversen makrookonomischen Effekte verstirkt. Sofern die Geldpolitik aber in
der Lage ist, die nachteiligen Auswirkungen des negativen Nachfrageschocks durch un-
konventionelle MaBnahmen abzufedern, kann sich auch im Rahmen des neukeynesiani-
schen Modells eine reale Abwertung an der Nullzinsgrenze ergeben. Wir gehen der Frage

nach, welcher dieser gegenldufigen Wechselkurskanéle an der Nullzinsgrenze iiberwiegt.

Beitrag

Wir untersuchen die gegenldufigen Wechselkursreaktionen empirisch. Dabei werden
Zeitraume, in denen der Leitzins der Européischen Zentralbank (EZB) nicht an der Null-
zinsgrenze lag, mit Zeitrdumen verglichen, in denen dies der Fall war. Wir schitzen an-
hand monatlicher Daten von 1999 bis 2020, wie sich ein negativer Nachfrageschock im
Euroraum auf den realen Wechselkurs, die Inflationserwartungen, die Produktion und die

Preise im Euroraum gegeniiber Kanada, Japan und den USA auswirkt.

Ergebnisse

Aus der Analyse geht hervor, dass der reale Wechselkurs des Euro nicht nur dann ab-
wertet, wenn die Zinsen oberhalb der Nullzinsgrenze liegen, sondern auch dann, wenn sie
an eben dieser Grenze verharren. Ferner zeigen die empirischen Ergebnisse, dass der reale
Wechselkurs erhebliche Schwankungen der Produktion im Euroraum unabhéngig von der
Nullzinsgrenze abfedern kann. Somit spielt der Wechselkurs auch an der Zinsuntergrenze
eine wichtige Rolle fiir die Stabilisierung der Wirtschaft. Die Stabilisierungsfunktion des
Wechselkurses geht mit einer deutlichen Ausweitung der EZB-Bilanz in dieser Periode
einher. Durch die unkonventionelle Geldpolitik der EZB wurde die reale Abwertung an
der Zinsuntergrenze unterstiitzt. Insgesamt stehen die empirischen Ergebnisse im Ein-
klang mit den Implikationen des neukeynesianischen Modells einer offenen Volkswirt-
schaft, bei dem beim Erreichen der Nullzinsgrenze unkonventionelle geldpolitische Mal3-

nahmen ergriffen werden.
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I INTRODUCTION

There is a traditional view starting with Friedman (1953) that regimes of flexible
exchange rates allow the real exchange rate to depreciate in response to asymmetric
negative demand disturbances.! This real depreciation then delivers efficient macroe-
conomic stabilization. However, when monetary policy’s interest rate is constrained
by the zero lower bound (ZLB), the New Keynesian argument is that flexible ex-
change rate regimes cannot stabilize cyclical developments in response to adverse
demand shocks (see, for instance, Cook and Devereux, 2013; Cook and Devereux,
2016). Yet, when monetary policy is able to accommodate the adverse effects of the
negative demand shock via unconventional measures, the model can generate a real
depreciation when interest rates are at the ZLB.

Our main contribution is to examine these opposing exchange rate responses em-
pirically and to assess the empirical relevance of the exchange rate as a shock absorber
when interest rates are at the ZLB compared to normal times. We isolate negative
asymmetric demand shocks in the euro area vis-a-vis Canada, Japan, and the US over
the sample from 1999 to 2020 that allows us to investigate different ZLB scenarios.”
We use sign-restrictions to identify euro area demand shocks and state-dependence to
distinguish episodes when the ZLB is binding from episodes of conventional monetary
policy. In doing so this is the first paper that applies state-dependent sign-restricted
local projection (LP) methods.

To present the theoretical argument we lay out a two-country New Keynesian
model. The countries are highly integrated via financial markets but less than per-
fectly integrated in goods markets, so relative price adjustments across countries are
required. In each country, firms set their prices in their own currencies, and the
nominal exchange rate floats. The central banks follow a Taylor rule unless the ZLB
binds. We examine the case of a severe global recession where either (i) both countries
or (ii) one country is in a liquidity trap due to recessionary asymmetric demand shocks.
We show that the driving forces for the real appreciation in a ZLB scenario are the
strongly falling (relative) inflation expectations. Since the central bank cannot lower
the policy rate, the falling inflation expectations cause a rise in the real interest rate
differential in the ZLB-constrained country and, hence, a real appreciation.

Many central banks have adopted unconventional policy measures to counteract the
negative effects of the severe global recession and to stabilize inflation expectations

at the ZLB.” Therefore, in a second step, we investigate the exchange rate response

"When the zero lower bound (ZLB) is not binding, the central bank reduces its nominal interest rate
in response to a negative demand shock. This interest rate cut causes a real depreciation, implying an
expenditure switching towards cheaper goods.

?Although the effective lower bound turned out to be below zero in the euro area, we follow the
convention and refer to the lower bound as ZLB.

’For a precise definition of unconventional monetary policy see also the speech by Bini Smaghi (2009),
which he gave as a member of the Executive Board of the ECB.
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when interest rates are at the ZLB to an asymmetric demand shock in our two-country
model when the central bank can stabilize inflation expectations via unconventional
policy measures, such as forward guidance.” We show that when the liquidity-trapped
country’s monetary policy is sufficiently accommodative, inflation expectations are
stabilized, and the real exchange rate can depreciate and absorb cyclical developments

in response to an adverse demand shock during a ZLB period.

Figure 1: Policy rates from 1999 to 2020
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Notes: The respective short rates correspond to the interbank call rate (less than 24 hours) for Japan,
the mid-point of the Federal Reserve target rate for the US, the central bank target (overnight rate)
for Canada and the official central bank liquidity providing (main refinancing operations) fixed rate for
the euro area.

Based on these two opposing exchange rate outcomes, in our third and main step,
we aim to assess the exchange rate’s shock absorbing character at the ZLB empirically.
We utilize monthly data over the time horizon from 1999 to 2020. We estimate
the effect of a negative asymmetric demand shock on the real exchange rate and
inflation expectations as well as output and prices in the euro area vis-a-vis Canada,
Japan, and the US. We have chosen those countries to control for different foreign
monetary policies when analyzing the empirical effects of a negative euro area demand

shock during our estimation horizon. Figure (1) illustrates that Canada was the only

*For example, Altavilla et al. (2019) and Swanson (2021) argue that the two most extensively used
policies were forward guidance and large-scale asset (LSAPs) purchases. The goal of both policies is
to stabilize expectations via lower longer-term interest rates by methods other than changes in the
policy rate, and thereby stimulate the economy.



economy among the G7 countries analyzed whose policy rate was not constrained by
the ZLB over our estimation horizon. In contrast, Japan’s interest rates have remained
at the ZLB throughout the last two decades. Figure (1) also shows that since the Great
Recession, the US experienced times when the policy rate was constrained at the ZLB
or remained unconstrained. At the same time, interest rates in the euro area reached
the ZLB shortly after those in the US did and have remained there until the end of
our estimation period. Thus, analyzing the euro area vis-a-vis Canada, Japan, and
the US allows us to empirically account for different foreign monetary policy stances
when assessing the empirical relevance of the exchange rate as a shock absorber when
interest rates are at the ZLB.

We employ state-dependent and sign-restricted LP methods. As pointed out by
Plagborg-Mgller and Wolf (2021), LPs are conceptually not different from vector
autoregressions (VARs). They show that, in population, VARs and LPs estimate the
same impulse responses under an unrestricted lag structure. This seminal result implies
that VAR-based structural identification, including short-run and sign restrictions, can
be implemented equivalently within an LP framework. We extend the Plagborg-
Mgller and Wolf (2021) framework and allow the impulse responses obtained via sign
restrictions to be different across the states of the economy. Our states are specified
with respect to the euro area’s monetary policy stance. In particular, we compare times
where the ECB’s policy rate was either unconstrained or constrained by the ZLB and
assess the effect of a negative asymmetric demand shock on the real exchange rate,
inflation expectations, output, and prices in the euro area vis-3-vis Canada, Japan, and
the US.

Our empirical findings show that the euro real exchange rate not only depreciates
away from the ZLB spell but also during the ZLB episode. At the same time, inflation
expectations do not react more strongly when the ZLB is binding.” We also find that
output in the euro area vis-a-vis Canada, Japan, and the US does not fluctuate more
in response to asymmetric negative demand disturbances than before the euro area’s
ZL1B episode. Hence, our empirical results contrast with those of the standard New
Keynesian model, which predicts that the real exchange rate appreciates in response to
anegative demand shock during a ZLB period and that inflation and expected inflation
are substantially more volatile when interest rates are at the ZLB. Nonetheless, they
are in line with an extended version of the two-country New Keynesian model, which
accounts for the ability of the central bank to allow for unconventional measures
in a ZLB period to stabilize inflation expectations. Indeed, our empirical findings
show that the ECB’s balance sheet expanded significantly in response to the negative
demand shock in the ZLB period, while it remained unaffected in the pre-ZLB period.

SCorsetti et al. (2014) assess positive demand shocks for the US prior to the ZLB period, finding a real
appreciation.



Hence, the ECB’s unconventional policies during the ZLB period supported a real
depreciation, which helped to absorb cyclical developments in response to the adverse
demand shock. Counterfactual variance decompositions show that, depending on the
country pair, movements in the real exchange rate absorb at least eight percentage
points of the variation in output. In this respect, the exchange rate plays an important
role in stabilizing the economy when interest rates are at the ZLB.

One could interpret our findings as evidence of how well the central bank’s un-
conventional monetary policy reacted to a severe negative demand disturbance when
the ZLB constraint was binding. If the exchange rate were to depreciate at the ZLB
in response to such a shock, monetary policy would have been sufhciently accom-
modative to cushion the deflationary side-effects of the ZLB constraint on economic
activity following an adverse demand shock. Likewise, a real appreciation of the
exchange rate could be seen as an indication that monetary policy was not sufficiently
accommodative.

Our empirical results are robust to the following robustness checks: first, we estimate
our model for the euro area vis-a-vis a basket of trading partner utilizing time-varying
trade weights between the euro area and these countries. Second, we re-estimate the
baseline model using a smooth transition LP framework with the euro area policy
rate as a state variable. Third, we find that the results from a state-dependent VAR
are qualitatively very similar to our benchmark results, where, as expected, the VAR-
based responses are smoother compared to the LP-based responses. Forth, we examine
the role of oil prices for the sensitivity of inflation expectations in various exercises,
treating oil prices either as an exogenous or an additional endogenous variable, re-
spectively. Finally, we show that our results are robust to different lag structures.

Our paper is closely related to Debortoli et al. (2020), Miiller et al. (2022) and
Stavrakeva and Tang (2020). The latter two papers assess the importance of expec-
tations for the exchange rate. However, the authors focus on the role of monetary
policy shocks or broker-dealer relationships in the exchange rate market. Hence,
the authors do not consider asymmetric demand disturbances across countries and
do not assess the possible state-dependent macroeconomic effects due to the ZLB
episode. The work by Debortoli et al. (2020) provides empirical evidence supporting
the irrelevance hypothesis by illustrating that US output, inflation, and long-term
rates are not affected by the ZLB episode. In contrast to their work, we assess the
international dimension of liquidity traps and show empirically that the real exchange
rate can depreciate in response to negative asymmetric demand shocks when interest
rates are at the ZLB. In this respect, we can support the argument of flexible exchange
rates by Friedman (1953), Mundell (1961), Obstfeld and Rogoft (2000), and Obstfeld
and Rogoff (2002), i.e. that flexible exchange rates act as a shock absorber to country-

specific shocks, such as negative demand shocks. We show that this is the case even



if the ZLB constraint is binding but monetary policy is sufhiciently accommodative.
Thus, at the ZLB, a flexible exchange rate can allow for the adjustment of relative
prices so that output and prices are stabilized in the ZLB-constrained country.

Our paper is also connected to a strand of the literature that examines exchange
rate policies when the ZLB has been reached. Amongst these, Amador et al. (2020)
assess an exchange rate policy that is inconsistent with interest rate parity because of a
binding ZLB constraint. Coenen and Wieland (2004) investigate the effectiveness of
an exchange rate peg and price level targeting regime in stimulating an economy in
a liquidity trap. In a related work, Svensson (2001) argues that price-level targeting,
a devaluation of the currency, and a temporary exchange rate peg can be employed
to escape a liquidity trap. In relation to this work, we show that the ECB’s uncon-
ventional monetary policy measures seem to have been sufhciently accommodative in
the ZLB period for the real exchange rate to depreciate. We show that this real de-
preciation then supported a cushioning of the deflationary side-effects of the negative
demand shock in the ZLB period.

The paper proceeds as follows: in Section II we lay out a two-country open economy
model with sticky prices to show, in a nutshell, the theoretical considerations of a real
appreciation or depreciation inaZLB period. In Section III we present our empirical
specification to assess the hypothesis of possibly opposing exchange rate outcomes in
response to asymmetric demand shocks when interest rates are at the ZLB. Section
IV shows the empirical findings. Section V contains robustness checks. Section VI

concludes.

II THEORETICAL MOTIVATION

We start our analysis with a brief theoretical motivation using a two-country New
Keynesian framework to illustrate how the real exchange rate responds to an adverse
demand shock. We provide analytical results when the economies are at and away
from the ZLB. We then investigate how unconventional monetary policies such as

forward guidance can effect the role of the exchange rate as shock absorber.

A. Model Overview

We briefly outline the model to set the basis for the empirical analysis. We employ
the two-country New Keynesian model as in Clarida et al. (2002). Following Engel
(2011), we allow for less than perfectly integrated goods markets and extend the model
by accounting for the ZLB. The main ingredients of the model are two equally sized
countries, home (H) and foreign (F), which are connected via trade in goods and
state-contingent assets. In each of the economies there is a continuum of 7 households

indexed by i € [0, 1]. Each household i consumes domestic and foreign goods, aggre-



gated by a Cobb-Douglas technology, and faces a time preference shock &;, which
we also refer to as a demand shock. Our analysis focuses on a negative shock to &;,
which implies that households are willing to consume more in the future rather than
today. Therefore, they increase savings and reduce their demand for goods. The time
preference shock &;; is unanticipated and follows a stochastic decay. In every period
t > 1 it holds that &, = &;;-1 with probability u < 1.° With probability (1 — p)
the time preference shock &;; returns to zero. This occurs at the same period T for all
households in the two countries. A continuum of monopolistically competitive sticky-
price firms sells their goods in their own currency to home and foreign households.
The monetary authorities decide on the underlying nominal interest rates while the
country-specific fiscal authorities collect either lump-sum taxes or pay transfers to
their residents. The full model and all optimality conditions are laid out in Hoffmann
and Hiirtgen (2021). In the following, we focus on the relevant equilibrium conditions
to present the argument of a real appreciation versus depreciation when interest rates
are at the ZLB.

B. Equilibrium Relationships

We log-linearize the model around its steady-state values. Lower case letters reflect
log deviations from the variable X; in the steady state X: x; = log (X;) — log (X). We
start with the evolution of consumption and output. We then discuss the determina-
tion of inflation, policy rates, and real exchange rates. In equilibrium, all households

are identical and the individual’s expectation equals average expectations E! = E;. Then
- 1
¢t = Et |1 — p (&t = & + 11— Tp4a) (1)

is the Euler equation, with E; [ — 741] reflecting household’s consumption-based real
interest rate, which depends on consumer price inflation (CPI), 71, as well as the policy
rate, 7;. The intertemporal elasticity of substitution equals 1/0. A similar condition in
the foreign economy is indexed by *. The Markov property of the time preference
(i.e. demand) shocks & and &* implies that under independent monetary policy and
flexible exchange rates, there are no predetermined state variables. In expectation, all
endogenous variables in the world economy will inherit the same persistence as the
shock itself.

International linkages are expressed by the variable xf = (xt — x:) /2, which denotes

relative world variables. From the firms’ resource constraints and households’ demand

For 0 < u < 1, the ZLB will expire in expectations, see Eggertson and Woodford (2003). This ensures
that inflation today is pinned down by expectations that the stable manifold will determine future
inflation.



conditions, aggregate output becomes

v—1 v(2 —0)
yt:Ct"‘(l— 5 )yf— 5 &t (2)
The intensity of the home bias equals 0 < (v — 1) /6 > 1, whereby 6 > 1 is a function
of o and v, with v > 1. If there is no home bias, v = 1 and 6 = ¢. Given that goods
markets are only imperfectly integrated, we set v > 1. From (1) and (2), a relation
between interest rates, CPI, and output is obtained

v-1, . @W=17% 4

e +0——A

1’5 = E; t+1 S Yis1 — T 1| (3)

with 7® = i} — (2-0) (nﬁ - rlfl) denoting relative CPI and ¥ defining relative
domestic price inflation. Equation (3) describes relative output in response to a demand

shock. Expected CPI inflation equals

E;[mq] = Et[Tth+1] +(2-9) Et[”f - ”ﬁm]/ (4)

with 7y, = Sy, — K(y_y*)]/f + K(e—)&R + BE; [1tpi41] denoting gross domestic price
inflation.” It holds that x > K(yoy) = Kie-e) 2 0, for v > 1. k defines the responsiveness
of domestic inflation to domestic output. The responsiveness to relative output is
given by K(y-y) and captures how strongly inflation adjusts to changes in relative
output. The response to relative time preference conditions is determined by k().
The foreign country has similar conditions, with the second and third terms of the
right-hand side of domestic price inflation taking opposite signs.

The monetary authorities adopt the following monetary policies by following a non-

linear Taylor rule
7y = max {— In(1/B), qbﬂHf} and 7; = max {— In(1/B), (pﬂ}t} , (5)

with r = In(1/B) and B < 1 being the household’s discount factor. 7ty denotes
gross home producer price inflation. The Taylor principle holds, and the reaction on
inflation is given by ¢» > 1. Hence, the central banks’ nominal interest rates react by
more than the actual price change, pushing real interest rates in the desired direction.
However, when interest rates are at the ZLB, the monetary authorities can lower the
nominal rate up to r; = —In(1/p) and movements in the real interest rate would only
depend on expected inflation.

From equations (1)-(3) and the respective foreign counterparts, we obtain a rela-

"This follows Calvo (1983). For details see Appendix A.1. in Hoffmann and Hiirtgen (2021).



tionship between policy rates, relative inflation rates, and the real exchange rate g,

_ A
(w-1)r = E (v—l)nﬁt+l+%l, (6)

which mirrors the real uncovored interest rate parity (UIP) condition. From (6)
it follows that changes in the real exchange rate are due to movements in the real
interest rate differential between the home and foreign country, E, [rf — nfﬂ]. From
the real UIP condition also becomes clear that when the Taylor rule (5) determines the
nominal rate, monetary policy and inflation expectations determine the real exchange

rate.

C. The Eﬁrects of a Negative Asymmetric Demand Shock

We examine the effects of negative demand shocks based on these equilibrium re-
lationships. To set the stage, we focus on situations where interest rates are not at
the ZLB and those where they are. This lays out the main mechanisms at work and
explains how a real appreciation in a ZLB period occurs due to the decline in inflation
expectations. Then, we show that a real appreciation can also occur if the ZLB is only
binding in one country. We use this example to illustrate that with unconventional
measures, such as forward guidance, inflation expectations are stabilized, and a real
depreciation in a ZLB period can occur.

We consider equilibria where the variables are constant from the period the prefer-
ence shock hits until the shock reverts back to zero, and the economy is in its non-
stochastic steady state.” Since the time preference shocks &; and &7 are unanticipated
and follow a stochastic decay, expected consumption, output, inflation, and the real
exchange rate inherit the Markov property of the demand shock. They take on the
same values as long as the shock lasts and will revert to zero once the shock disappears.”

Therefore, the time subscript ¢ is replaced by the state subscript s. Then we can express
the real UIP condition (6) by

s (v-1) ¢ R

E - _(1 _ y) <rS - I:[JTEHS]) . (7)
Thus, when the real interest rate differential (v — 1) (r§ —[u7c]) falls, the real exchange
rate depreciates, gs > 0, and vice versa. Consider now an asymmetric negative demand
shock, which hits the home country more severely. This will lead to a (relative) fall in

consumption, output, and, hence, prices as well as inflation expectations, [‘unﬁs] < 0.

$This builds on the work by Eggertson and Woodford (2003) and Christiano et al. (2011).
Thus, in every period 0 < t < T — 1, the variables are constant but depend on the shocks.



Z1Bis (not) binding in both countries. When the ZLB is not binding, the central
banks can use their policy rates to respond to the asymmetric negative demand shock."
Following the monetary policy rule (5), the policy rate will be reduced by more than
the fall in inflation in response to the negative demand shock. This will cause a decline
in the relative real interest rate by (v —1) (qb — y) [urR J/p < 0. It follows from (7)

that the decline in the real interest rate differential will lead to a real depreciation

2 (-w p

(GRS ikl R ) (5

When the asymmetric demand shock is so severe that the ZLB is binding, the central
banks cannot sufficiently use their policy rates to respond to it.'" It follows that the
fall in the relative inflation expectations will directly translate into a rise in the real

interest rate differential, — (v — 1) [u7}] > 0, and, hence, a real appreciation

= ] <o )

Equations (8) and (9) illustrate that, without further monetary policy action, the real
exchange rate appreciates in response to an asymmetric demand shock when interest

rates are at the ZLB and that (relative) inflation expectations matter.

ZLB is binding only in the home country. Even in an environment where only
the home country’s interest rates are at the ZLB, and the foreign economy can use
monetary policy to counteract the consequences of the home country’s asymmetric
negative demand shock, perverse responses of the real exchange rate can occur.'
Based on the monetary policy rules (5) and the real UIP condition (7), the real ex-

change rate evolves by

(10)

gs v-1 1 In(1/B)+ ¢
—u([” |+ 2 F)'

Now not only relative inflation expectations [umy. ] matter for the real interest rate
differential and the real exchange rate, but also the foreign monetary policy and its
ability to affect foreign inflation, ¢t .. For example, a rise in foreign inflation 7t}
would cause a rise in the real exchange rate compared to (9), as this is accompanied

by a rise in the foreign real interest rate, (¢ — p)m;. > 0. But when the ZLB in

197¢ holds that & < & < 0 and & < & with & < &, see Hoffmann and Hiirtgen (2021).

"These conditions are satisfied for & < & and & < £, but & < &

12In this case, it holds that & < & < 0, but &'t < &,

13A rise in foreign inflation occurs when the foreign demand shock is sufficiently positive, i.e. & > 0.
We will maintain this assumption. If the foreign demand shock were negative, i.e. et < &L < 0,
foreign inflation would also fall. From (10), a real appreciation occurs unambiguously in the home
country.



the home country is binding, relative inflation (expectations) deteriorates, so that
[umk ] < (In(1/B) + ¢rr). Hence, the real interest rate differential widens, and the
real exchange rate appreciates. This situation occurs in a ZLB scenario when the
difference between the home and foreign demand shock is sufhciently large.
Furthermore, Hoffmann and Hiirtgen (2021) show that in all of the described sit-
uations, the decline in inflation expectations will be more severe when the ZLB is
binding. The reason is that when interest rates are at the ZLB, firms want to lower
their prices in response to the decline in consumption and output. However, since
prices are sticky, some price adjustments will only occur in the future. Households
will understand this and adjust their inflation expectations downwards accordingly.
Without any monetary policy intervention, this will lead to a stronger rise in today’s
real interest rate and a real appreciation, amplifying the decline in consumption, out-

put, and, hence, inflation expectations.

Unconventional measures: Forward guidance as an example. Bini Smaghi
(2009) argues that in stressful times for the global financial system, easing monetary
policy by lowering policy rates towards the ZLB would not be enough to counteract
the recessionary consequences of adverse demand shocks. Therefore, unconventional
tools are needed. Via forward guidance — one manifestation of unconventional
monetary policy — policymakers can directly influence expectations about future
interest rates by resorting to a conditional commitment to maintaining policy rates
at the lower bound for a significant period of time (e.g. Eggertson and Woodford,
2003)."* To align the future interest rate level in the market, the central bank needs
to operate in the market for financial assets, such as government bonds. Those
operations will then be reflected in a larger central bank balance sheet due to an
expansion of monetary liabilities.

In this section, we focus on the effects of forward guidance on the real exchange
rate.”” However, given the simplicity of our model, we refrain from assessing the
effects on the central bank’s balance sheet here but will do so in Section I'V.B of our
empirical analysis in more detail.

In line with our above analysis, we maintain the environment where the ZLB
constrains only the home country. The foreign country pursues a policy of positive
interest rates, following the Taylor rule, as described in (5). The home country’s

central bank announces in the ZLB state a path of the future state to accommodate the

"Giirkaynak et al. (2005) and more recently Swanson (2021) argue that separately identifying the
effects of forward guidance and LSAPs is empirically difficult, because many of the central bank
announcements provide information about both types of policies simultaneously.

15Swanson (2021) finds that both forward guidance and LSAPs are substitutes on how those policies
affect the economy.
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negative domestic demand shock.'® In particular, it will set the nominal interest rate in
periods t > T to achieve an inflation target of 7ty > 0, to raise inflation expectations in
periods t < T. We assess the following scenario: At time ¢ = 1, there is an asymmetric
negative demand shock to the home country, which drives its policy rate to the ZLB.
For illustrative purposes, we focus on a special case where the central bank has perfect
foresight and knows that the preference shock will last for T periods. We assume that
the shock persists for T = 4 periods, while the home country’s central bank will set
the 7ty > 0 to 40 basis points annually for ¢ = 8 periods. We compare this scenario
to the one where the home country does not follow any monetary policy action in a
ZLB scenario, as described above.

The blue dashed (red dashed) lines in Figure (2) show the responses of the home (for-
eign) economy when the home country’s interest rates are at the ZLB but it does not
pursue forward guidance, and the foreign country’s monetary policy is unconstrained.
In such a situation, the real exchange rate would appreciate, as shown by the top-right
panel of Figure (2). Furthermore, the figure shows in the upper panel a severe decline
in output and inflation in the home economy in response to the negative asymmetric
demand shock at home. These findings illustrate our discussion from above, namely
that without further monetary policy intervention, the real exchange rate appreciates,
and output and inflation decline strongly in the country that is constrained by the
Z1B.

However, the solid blue (red) lines in Figure (2) show the responses of the home
(foreign) country when the home country adopts forward guidance. Then, when the
home country’s policymakers commit to the future path of interest rates, it follows
that a real exchange rate depreciation (blue-solid line) can be generated by announc-
ing higher inflation today. This also impacts positively on output and inflation by
mitigating its otherwise severe decline. The real depreciation also allows for an expen-
diture switching effect toward home-produced goods, as can be seen by the relatively
stronger decline in foreign output by the bottom left panel of Figure (2), when the
home country is at the ZLB, but it pursues a monetary policy of forward guidance.

In summary, when the ZLB is binding in at least one country and monetary policy
cannot sufficiently accommodate negative demand shocks, no expenditure switching
is possible via the real exchange rate since a real appreciation occurs for the country
in which the ZLB is binding. This effect is caused by a strong decline in (relative)

inflation expectations in the country which is hit most severely by the asymmetric

1®Note that many papers also examine the credibility of forward guidance announcements (see, for
instance, Nakata and Sunakawa, 2022; Walsh, 2018; Finck, 2020). In these papers, forward guidance
announcements are credible (sustainable) when fulfilling past promises is the central banks’ best
strategy at any point until the promised lift-off date. A typical result in all these papers is that forward
guidance can be credible only if recurrent ZLB episodes are possible, as assumed in this paper. We
do not address possible credibility issues and assume no time inconsistency problem exists.
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Figure 2: The ZLB-constrained home country with and without forward guidance
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negative demand shock. The model also predicts that output, inflation (expectations),
and the real exchange rate are substantially more volatile when interest rates are at
the ZLB. However, our model also shows that when monetary policy can stabilize
inflation expectations in a ZLB scenario after an adverse demand shock via unconven-
tional measures, such as forward guidance, the real exchange rate can depreciate and
stabilize movements in output and prices.'” The next section assesses these opposing

predictions empirically.

7When accounting for the so-called forward guidance puzzle, Hoffmann and Hiirtgen (2021) show
that the effects would remain but in a mitigated manner.
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IIT StaTe-DEePENDENT LocAL PROJECTIONS

This section empirically explores the exchange rate dynamics by estimating a sign-
restricted state-dependent local projection model. First, we lay out the econometric
model and explain its state-dependent structure. Second, we discuss the data used to
estimate our empirical model and show how we differentiate the two monetary states
of a non-binding and binding ZLB. Third, we explain our identification strategy.

Finally, the statistical inference is laid out to generate the structural impulse responses.

A. Speciﬁcation

We set up a non-linear model based on sign restrictions to distinguish the possible
state-dependent real exchange rate effects. In particular, we estimate a state-dependent
LP model to empirically investigate the role of the exchange rate as a shock absorber
in a ZLB scenario. Importantly, while using sign restrictions for some variables, we
leave both inflation expectations and the real exchange rate unrestricted.

As pointed out by Plagborg-Mgller and Wolf (2021), LPs are conceptually not
different from VARs. In fact, they are different linear projection techniques sharing
the same estimand under different finite sample properties. This result implies that
VAR-based structural identification, including short-run and sign restrictions, can
be implemented equivalently within an LP framework."® We empirically utilize this
finding when assessing the propagation of asymmetric demand shocks and extend the
idea of Plagborg-Mgller and Wolf (2021) to a non-linear framework. More precisely,
we condition the effect of the demand shock on whether the ZLB is binding or not.

To fix notation, first, consider the linear model

/ 4
Yigeh = Qi + Binli + YinXy + Uipy,

where v is the ith endogenous variable in the vector y; at horizon t + h and
®in, Bin, Yin contain the projection coefficients for the control variables in y; and x;,
respectively. Specifically, the n x p + 1 vector ~;), = [¢i/h,1, s Pu 1 Piji2s s Prjips (5,',;1]
contains the stacked coefficients for the covariates in x; = [yt_l, S T t]. Finally,
u;;,; corresponds to the projection residual of variable i at horizon 1 in t with (strictly)
positive variance. Based on this, we set up a non-linear model to distinguish between
the possible state-dependent effects of the ZLB. Thus, we allow for different projection

coefhicients across two states for all variables:

— I I I 11 11 II
Yiprn = (1= Ay) [ai,h + ﬁz‘,hyt + "Yi,hxt] + At [ai,h + ﬁi,hyt + 'T/ilhxt] + Uit

8LPs could also accommodate other identification schemes such as narrative sign restrictions as in
Antolin-Diaz and Rubio-Ramirez (2018), or long-run restrictions as in Blanchard and Quah (1989).
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The superscripts I and II distinguish between state I=pre-ZLB and [[=ZLB, respec-
tively. Hence, A; is equal to zero when in t the economy is in state I=pre-ZLB and
equal to one when the economy is in state II=ZLB.

It has to be noted that, even though VARs might be as robust to misspecifications as
LPs in population, this is not the case when one is forced to use a finite lag structure,
saying that the impulse responses might in general differ in sample. However, the
consensus in the literature is that impulse responses in an LP framework under a finite
lag length are more robust to misspecification than in a VAR framework. This is
because iterated forecasts in a VAR can increase the misspecifications as the horizon
expands. This is not the case in an LP framework since we estimate the reduced-form
coefhcients separately for each h =0, ..., H.

Moreover, VARs implicitly assume no changes in the state of the economy (see, for
instance, Tenreyro and Thwaites, 2016; Alpanda and Zubairy, 2019; and Alpanda et
al., 2021). That is, based on the fact that VAR-based impulse responses rely on iterated
forecasts, one implicitly assumes that once the shock occurs in state j, the economy will
stay forever in this state. This is not the case within a state-dependent LP framework,
where the reduced-form impulse response coefhicients reflect the average effect of
shocks as a function of the state of the economy within the same period the shock
hits. Hence, it also comprises the average effect of the shock on future changes in the

state of the economy. "’

B. Data

We estimate our baseline model for the euro area vis-a-vis Canada, the US, and
Japan. We use six variables for each country pair to estimate our empirical model.
The first four variables only pertain to the euro area: (1) industrial production (excl.
construction), (2) the Harmonised Index of Consumer Prices (HICP), (3) one-year-
ahead inflation expectations from Consensus Economics, (4) and the (shadow) short
rate.”’ The (shadow) short rate is included for the following three reasons: Firstly, in
the euro area, there is no generally defined start date for the ZLB period. Therefore,
we assess when the Wu and Xia (2016) shadow interest rate for the euro area is below
0 and set the indicator variable in our local projection model for the ZLB-state A; to

1 from June 2013 onward. Secondly, the shadow short rate is also meant to capture

Note that this point is even more important when one specifies a model with frequent changes
between the states. As far as the presence of the ZLB as a state is concerned, this point is more
relevant than before, at least since the COVID-19 pandemic. This is based on the observation that
many central banks lowered their policy rates in response to the pandemic and returned to the ZLB
for a second time after the Great Recession.

2’Consensus Economics forecasts for the euro area have only been available since December 2002, so
we approximate the forecasts from January 1999 to November 2002 by real GDP-weighted forecasts
from Germany, the Netherlands, Spain, France, and Italy. For the period in which the forecasts for
the euro area are also available, we find a very similar pattern with a correlation of 88.4%.
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the unconventional policy measures conducted by the ECB, such as forward guidance
and quantitative easing, which in our theoretical model play an important role in
generating a possible real depreciation when interest rates are at the ZLB.?! Finally, the
(shadow) short rate will help us to distinguish demand from monetary policy shocks
when identifying a country-specific negative demand shock. The last two variables
contain both domestic (euro area) and foreign information: (5) the bilateral real ex-
change rate and (6) relative industrial production, i.e. domestic production relative to
foreign industrial production. The latter is also needed to identify a domestic demand
shock.??

Industrial production, consumer prices, and the exchange rate are included in logs.
The impulse responses for these variables are therefore expressed as percentage
changes. Both inflation expectations and the short rate are meassured in percentage
points. Our sample starts in January 1999 and ends in February 2020 to avoid
possible asymmetries in the propagation of the extremely large structural shocks
during the COVID-19 pandemic.”> Our baseline specification includes p = 2 lags of
the endogenous variables. However, in the robustness section, we show that our

results are robust to different lag choices.

C. entification of a Country-Specific Demand Shock

We identify a domestic demand shock by means of sign restrictions, which are sum-

marized in Table (1).

Table 1: Sign restrictions of a country-specific demand shock

ip prices short rate relative ip  exp. inflation  real exchange rate

Notes: The restrictions on industrial production, prices, and the (shadow) short rate hold on impact and
for five consecutive months. The restriction on relative industrial production holds on impact.

Our theoretical model of Section 11 suggests, as illustrated in Figure (2), that an ad-

verse demand shock leads to a decline in domestic production and prices. However, we

2I'Wu and Xia (2016) use the shadow rate from a shadow rate term structure model in order to derive
a measure for the stance of monetary policy in a ZLB environment. They use the shadow rate
to examine the effect of unconventional monetary policy measures (both quantitative easing and
forward guidance) on the real economy. Besides Wu and Xia (2016), also other papers translate
various dimensions of monetary policy, such as quantitative easing and forward guidance, into a
single tractable variable expressed in the interest rate space (see, e.g. Krippner, 2013). More recently,
De Rezende and Ristiniemi (2023) propose a shadow rate that measures the interest rate effects of
unconventional monetary policies in a non-ZLB environment. Their shadow rate closely tracks
episodes of changes in the policy rate, the balance sheet as well as forward guidance.

22In this paper, the real exchange rates are derived such that an increase refers to a depreciation, while
a decrease refers to an appreciation.

ZSee Lenza and Primiceri (2020) for a thorough discussion and suggestions on how to handle a
sequence of extreme observations such as those recorded during the COVID-19 pandemic.
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would expect the same reactions of production and prices following a contractionary
monetary policy shock. To separate demand shocks from monetary policy shocks, we
include in our identification strategy the (shadow) short rate in our empirical model
to account for a reduction in the policy rate to counteract deflationary pressure from a
negative demand shock. As mentioned earlier inflation expectations can be crucial for
exchange rate dynamics. Thus, we leave both inflation expectations and the exchange
rate response unrestricted.

As shown in Figure (2), our model predicts that production in the euro area should
fall more strongly than in the foreign country in response to a negative asymmet-
ric euro area demand shock. This finding also allows for separating domestic from
foreign demand shocks. The distinction can be especially important when two open
economies are particularly strongly connected, and a shock from abroad also has effects
on domestic variables (see Bobeica and Jarocifiski, 2019 and Corsetti et al., 2014). In
other words, with this identification strategy, we ensure that the reaction of domestic
variables is not a spillover effect due to foreign shocks. As shown in Table (1), we leave
the response of inflation expectations and the real exchange rate unrestricted, which
are our key variables of interest.

Figure (3) shows the shock distribution of the euro area demand shock across the
different country pairs. The upper panel illustrates the median shock for the euro area
vis-a-vis Canada (blue line), the US (black line), and Japan (red line). The figure shows
that the obtained asymmetric demand shock across the three country pairs, which
originates in the euro area, are well aligned. This is confirmed by the second panel
of Figure (3), which shows that their cumulative distributions and the probability
densities are very similar. Our procedure identifies euro area demand shocks vis-a-vis
different countries. As expected, the correlation of the country-pair demand shocks
is very high.** Based on this, we now turn to the inference of the structural impulse

responses.

D. Inference

This section outlines our procedure to draw structural impulse response functions
from our sign-restricted state-dependent LP model. Sign and zero restrictions are
easy to implement and well understood in VAR frameworks (see, for instance, Rubio-
Ramirez etal., 2010; Arias et al., 2018; Uhlig, 2005). Plagborg-Mgller and Wolf (2021)
show that sign and zero restrictions can also be easily implemented within an LP
framework. The idea relies on the finding that the projection coefhcients from an LP

framework are the reduced-form impulse responses of y; with respect to VAR-based

24The correlations are: 88% (euro area vis-a-vis the US and euro area vis-a-vis Canada), 72% (euro
area vis-a-vis the US and euro area vis-3-vis Japan), 67% (euro area vis-3-vis the Canada and euro
area vis-a-vis Japan).
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Figure 3: Shocks across different country pairs
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Notes: The upper panel shows the median shocks for all three country pairs: euro area vis-a-vis Canada
(blue line), euro area vis-a-vis the US (black line), and euro area vis-a-vis Japan (red line). The blue-
shaded areas correspond to the 5th and 95th percentiles for the euro area vis-a-vis Canada model. For
all three country pairs, the lower panels show the cumulative distribution functions (left panel) and the
probability density functions (right panel) over the full sample.

Wold innovations e; = y; — E (ytl {ye}, <t) at horizon & and that the projection residuals
Ui ... Un1s equal these Wold innovations. As a result, the variance-covariance matrix
¥ obtained within an LP framework contains the same information as obtained from
a VAR framework.

We extend the work of Plagborg-Mgller and Wolf (2021) and include
state-dependent regimes for the ZLB in their sign-restricted LP framework. In the
following we provide a brief description on the implementation. In a first step, for
each horizon & = 0 ... H, we estimate the model and store the coefficients BZ{ , for
state  [=pre-ZLB  and Bzﬂh for state I[=ZLB in appropriate vectors
C), = [ {,h é/h 16111,;1] and C}/ = [ ilh élh ﬁf’h], respectively. Plagborg-Meller and
Wolf (2021) show that structural impulse functions at horizon h can be derived as

el (.l f() = CLf(2)Q,

where f(X) is an appropriate decomposition (e.g. Cholesky) of the horizon-1 pro-
jection residuals Var (uy ¢ ... un1) = f(2) f(X) and Q is an orthogonal matrix with
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QQ’ = Q'Q = I,. The boundaries of the identified set for the impulse responses for
the ith variable at horizon & can be easily approximated numerically through random

draws of orthogonal matrices Q as in Arias et al. (2018), which are subject to

0/ (Q,C/, f (%)) er 2 0
Zk®] (Q/ lef (2)) €k = O/

where © = [0 @/ ... ©/i|and ©" =[O ©/" ... ©;1| are the n (H + 1)xn matrices
of stacked impulse response coefhicients in state I and state II, respectively, and the
n(H + 1) X n (H + 1)-dimensional matrices Sy and Z; are set as in Rubio-Ramirez et
al. (2010) with e being the kth column of the identity matrix.

Inference on the impulse responses is based on various percentiles over all draws
that satisfy our zero and sign restrictions. As pointed out by Fry and Pagan (2011),
this procedure does not report sampling (estimation) uncertainty as is typically done
in a conventional LP approach using robust standard errors. Instead, it reports the
distribution across the models that satisty the set of zero and sign restrictions. Note
that our algorithm ensures we use the same draws for Q in both states. In other words,
we discard the draw when a candidate for Q satisfies all sign and zero restrictions in
state [=pre-ZLB but not in state I[[=ZLB, and vice-versa.

IV Emriricar REesurts

In this section, we assess the responses of the euro area to a negative domestic demand
shock. In the first step, we present the results from our main specification by country
pairs, as discussed in the previous section. In a second step, we assess the reaction of the
ECB?’s balance sheet to the negative domestic demand shock to further understand the
role of unconventional policy measures in accommodating the negative disturbance
when interest rates are at the ZLB. Finally, we explore the importance of the real
exchange rate response to the negative demand shock for output through forecast

error variance decompositions.

A. Main Results

Since the Canadian economy was not bound by the ZLB, we can draw a clear infer-
ence regarding the effects of the euro area’s ZLB period on the real exchange rate and
inflation expectations. We then compare the results to those of the euro area vis-a-vis
Japan and the US.

Figure (4) shows our results for the euro area vis-a-vis Canada. Across all panels, the
solid blue line shows the responses for the state in which the ZLB is binding, while
the solid red line shows the responses for the state in which it is not. The blue (red)
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Figure 4: Results for the euro area vis-a-vis Canada
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Notes: Median impulse response for the pre-ZLB period (red line) and the ZLB period (blue line). For
both states, the shaded areas correspond to the 5t (95¢th) and the 16th (84th) percentiles.
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shaded areas cover the 5th and 95th percentiles. Hence, we report 90% confidence
bands.?

A few things stand out. First, we find that, following an unexpected demand shock,
industrial production falls and reverts much faster to its expected value when the econ-
omy’s interest rates are at the ZLB compared to when they are not. More precisely,
after an initial drop in industrial production of about 0.7 percent, it takes about seven
months until industrial production reverts to its mean when the ZLB is binding, while
the mean reversion takes 13 months when the ZLB is not binding, therefore resulting
in a higher overall cumulative effect in state I. This can probably explain why the
reaction of the (shadow) short rate is found to be stronger in state I than in state I1, as
the central bank cuts the short rate by more (in absolute terms) to compensate for the
larger drop in industrial production.”

Second, we find that the reaction of both prices and one-year-ahead inflation expec-
tations is very similar across both states. Although the response of expected inflation
is somewhat noisier in a ZLB scenario than in a non-ZLB scenario, both impulse
responses show a similar picture. Interestingly, this implies that the decline in inflation
expectations in the ZLB period is not stronger than in the pre-ZLB period. We find
that the decline in both sub-samples is around two basis points within the first quarter
and that, in both states, inflation expectations return to their mean after ten months
or so. Note that these findings are more in line with the results of the open economy
New Keynesian model in Section II, which predicts that both inflation and expected
inflation are less volatile in a ZLB scenario when monetary policy can counteract the
negative demand shock through unconventional monetary policy measures. Unlike
postulated by the New Keynesian model we do not find empirically that inflation ex-
pectations are following a deflationary spiral at the ZLB (see Wiederholt, 2015).?” One
possible explanation is that unconventional monetary policy has successfully stabilized
inflation expectations so that the exchange rate could in fact depreciate to buffer the

effects of an adverse demand shock. This channel is reflected in the decline of the

The confidence bands are based on the distribution of 5000 successful draws during the sign restriction
algorithm (with replacement) based on a pool of 5000 draws from a block bootstrap algorithm (see
Kilian and Kim, 2011).

2*Note that the confidence bands around the response of industrial production are somewhat wider
in state I than in state II. A candidate explanation would be the high volatility around the Great
Recession, for which we do not explicitly account. We have therefore re-estimated all models and
included the OECD-based Recession Indicators as an additional explanatory variable in the model to
increase the in-sample fit in periods marked as recessions. However, we find that even in this case,
the uncertainty in state I is still noticeably higher than in state II.

*’Baumann et al. (2021) find in the period since the global financial and European debt crises, that
longer-term inflation expectations in the euro area have become less well anchored. We do not find
that one-year ahead inflation expectations have a deflationary trajectory in response to a negative euro
area demand shock at the euro area’s ZLB. We have assessed the robustness of this finding by using
data from the euro area’s Survey of Professional Forecasters (SPF). The responses of those inflation
expectations are very similar to our baseline results, as shown in Figures (11) to (13) in the appendix.
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shadow rate which includes unconventional monetary policy measures that was taken
in response to the demand shock.

Third, the real exchange rate depreciates significantly in both samples, i.e. both
before the ZLB has been reached and once the ZLB has been reached. The size of the
real depreciation is very similar and amounts to one percent in both samples after the
first quarter. As before, we find that the uncertainty for the impulse responses in a non-
Z1B period is larger than for the responses in a ZLB period. Moreover, we find that
mean reversion occurs much faster when interest rates are at the ZLB than when the
ZLB is not binding. The real exchange rate depreciation in a ZLB scenario is contrary
to the appreciation predicted by the two-country New Keynesian model in Section
II, where monetary policy would not respond beyond the ZLB constraint. However,
the real depreciation is in line with the model extension, where monetary policy can
counteract the negative demand shock by unconventional policy measures. Similar to
the reactions of prices and expected inflation, the reaction of the real exchange rate
when interest rates are at the ZLB is not stronger than when interest rates are not at
the ZLB.

Next, we confirm that qualitatively the same results hold for the euro area vis-a-
vis Japan and the US. Figure (5) shows our findings of the euro area vis-a-vis Japan.
Throughout our estimation period from January 1999 until February 2020, Japan’s
interest rates remained at the ZLB, as illustrated by Figure (1). Therefore, Japan
offers a clean counterpart to our assessment of the euro area vis-a-vis Canada. Note
that in this case, too, we find that the reactions of both industrial production and the
(shadow) short rate show a pattern that is very similar to the first country pair, although
the difference in the responses of industrial production across both regimes is less
pronounced. Most importantly, we find again that a negative euro area demand shock
leads to a decline in both prices and expected inflation, as well as a real depreciation
of the euro exchange rate. This real depreciation occurs within both monetary policy
regimes i.e. in the pre-ZLB period and once interest rates are at the ZLB. Figure (5)
illustrates that prices, expected inflation, and the real exchange rate move very closely
in both monetary policy regimes for the first 12 months. Importantly, however, the
decline in prices and inflation expectations is not more accentuated when interest rates
are at the ZLB. At the same time, we find that the real exchange rate does not react
more strongly when the economy’s interest rates are at the ZLB.

Figure (6) provides the impulse responses of the euro area vis-3-vis the US. In con-
trast to Japan, the US economy switched policy regimes. Since the Great Recession,
the US has experienced times when the policy rate was constrained by the ZLB or
remained unconstrained, as shown by Figure (1). To keep things short, our main
findings are qualitatively robust for this country pair. Regardless of the euro area’s

state of being constrained or not constrained by the ZLB, we find a depreciation of
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Figure 5: Results for the euro area vis-a-vis Japan

Industrial Production Prices Expected Inflation
0.1 0.05
S g
£ £
-0.
0 10 20 0 10 20 0 10 20
Real Exchange Rate Short Rate Relative IP
2
o\o v
FRl S o .
-2
0 10 20 0 10 20 0 10 20
Industrial Production Prices Expected Inflation
0.1 0.05
S g o= !
= £
-0.05
0 10 20 0 10 20 0 10 20
Real Exchange Rate Short Rate Relative IP
1
0.1
0 = =&4NG X
c 0
-0.1
-2 -0.2 -1
0 10 20 0 10 20 0 10 20

m——— Dre-7| B | B

Notes: Median impulse response for the pre-ZLB period (red line) and the ZLB period (blue line). For
both states, the shaded areas correspond to the 5t (95¢th) and the 16th (84th) percentiles.
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Figure 6: Results for the euro area vis-a-vis the US
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Notes: Median impulse response for the pre-ZLB period (red line) and the ZLB period (blue line). For
both states, the shaded areas correspond to the 5t (95¢th) and the 16th (84th) percentiles.
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the real exchange rate and the responses of prices and inflation expectations are within

the two regimes’ confidence bands.

B. Unconventional Monetary Policy

In the next step, we assess the ECB’s balance sheet response to understand the role
of unconventional policy measures in accommodating the negative disturbance when
interest rates are at the ZLB. The motivation for this assessment can be seen in Figure
(14) in the appendix. Before the ZLB was binding, the ECB’s balance sheet grew
modestly over time. However, from June 2014 onwards, the ECB’s balance sheet
increased tremendously. The reason was the ECB’s large-scale asset purchases (LSAPs)
and forward guidance, which were mirrored in the ECB’s balance sheet.”

We re-estimate our model for each country pair by adding the ECB’s balance sheet
as a seventh variable (in logs), keeping everything else to the benchmark specification.
Importantly, we also leave the balance sheet response unrestricted. As discussed in
Section II, the LSAPs were conducted during the ZLB period to reduce long-term
interest rates by driving down the yields on the securities the ECB was purchasing to
meet their forward guidance. This should lead to lower interest rates throughout the
economy and stimulate economic activity. Therefore, in our empirical assessment,
we should expect a significant rise in the ECB’s balance sheet to counteract the ZLB
constraint during our ZLB state, while we would only expect an unincisive reaction
of the balance sheet in the pre-ZLB period.

Figure (7) reports the results for this exercise. Since all the remaining impulse
responses look similar to those in our baseline specification, we show the balance sheet
response for all three country pairs. It stands out that only when interest rates are at the
ZLB do we see a significant, expansionary balance sheet response. More specifically,
the balance sheet rises significantly in all three cases after a demand shock, peaking at
around two percent after about ten months.

Reassuringly, in non-ZLB scenarios we do not observe any significant balance sheet
reactions. The responses fluctuate around zero for all three country pairs and even
show negative values after about ten months. However, these responses are not sig-
nificant.

Overall, the balance sheet responses during the ZLB period are one explanation for
the accommodative decline of the shadow short rate in our baseline model in reaction
to the negative demand disturbance. In line with the theoretical model unconventional

monetary policy stabilizes inflation expectations and thus helps to cushion the adverse

28 Alcavilla et al. (2019) for the euro area and Swanson (2021) for the US find that both forward guidance
and LSAPs have been reasonable substitutes in an empirical assessment on how those policies affect
the yield curve and the economy. Here, we focus on the balance sheet effects of those policies in
response to an asymmetric euro area demand disturbance.
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Figure 7: State-dependent response of the ECB’s balance sheet
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Notes: Median impulse response for the pre-ZLB period (red line) and the ZLB period (blue line). For
both states, the shaded areas correspond to the 5th (95th) and the 16th (84th) percentiles.

demand shock. In the next section we aim to isolate more carefully the role of the
real exchange rate as a shock absorber by depreciating (due to stabilized inflation

expectations).

C. Quantifying the Role of the Real Exchange Rate as a Shock Absorber

In this section, we quantify the potential of the exchange rate as a shock absorber.
More specifically, we assess by how much the depreciation of the real exchange rate
cushions the effects of the adverse demand shocks on output and prices.

To do so, we proceed in two steps. Firstly, we simulate a counterfactual scenario
by extracting the feedback effect of the response of the exchange rate on the response
of the other endogenous variables. An appropriate environment for such an exercise
relies on restricting the lag polynomials in the exchange rate equation to zero, except
for its own lags. Thus, we assume that the exchange rate does not respond to past
movements of all remaining endogenous variables. This, in addition to a zero restric-
tion on the response on impact, guarantees that the exchange rate does not react to
the demand shock over the entire projection horizon 1 = 0,1 ... H. Our approach is in

line with Bachmann and Sims (2012), who analyze the role of consumer confidence in
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Table 2: Forecast error variance decompositions

EURO AREA VIS-A-VIS CANADA

Pre-ZLB ZLB
benchmark coun[erfactual dijﬁrence benchmark counterfactual dﬁrence
h=0 67.2 77.7 10.5 67.2 77.7 10.5
h=3 63.3 71.7 8.4 39.3 41.0 1.7
h=6 52.9 60.7 7.8 30.3 30.8 0.5
h=12 29.6 35.3 5.7 21.0 20.2 -0.8
EURO AREA VIS-A-VIS JAPAN
Pre-ZLB ZLB
benchmark  counterfactual  difference benchmark  counterfactual  difference
h=0 46.7 75.5 28.8 46.7 75.5 28.8
h=3 45.8 55.0 9.2 30.3 37.5 7.2
h=6 38.4 39.5 1.1 24.7 23.2 -1.5
h=12 20.7 22.1 1.4 20.4 15.9 -4.6
EURO AREA VIS-A-VIS THE US
Pre-Z1LB ZLB
benchmark ~ counterfactual  difference benchmark  counterfactual  difference
h=0 73.7 81.2 7.5 73.7 81.2 7.5
h=3 58.8 70.4 1.6 39.2 44.5 5.3
h=6 54.0 52.6 -1.4 27.5 30.3 2.7
h=12 26.6 24.8 -1.8 19.8 21.2 1.4

Notes:  The values in the benchmark columns correspond to the explained share of the forecast error
variance explained by the asymmetric demand shock in the baseline model, while the values in the
counterfactual column correspond to the same values in a scenario when the exchange rate response is
shut down. The values in the difference column corresponds to the difference of these two values. All
values are based on the median estimates and are rounded to one decimal point.

the propagation of government spending shocks by isolating the feedback effects from
the response of confidence on the response of the remaining endogenous variables.

Secondly, we calculate the forecast error variance decomposition (FEVD) for the
baseline specification and the counterfactual scenario. The FEVD measures how im-
portant the demand shock is in explaining the variations of the variables in the model.
It is important to note that the differences between the FEVDs must come from the
suppressed feedback effect of the exchange rate on the other variables. Hence, the
difference in the FEVD:s tells us how much the depreciation of the real exchange rate
cushions the effects of the adverse demand shocks.

Table (2) reports the results for this exercise. A few things stand out. First, the
exchange rate can cushion much of the adverse effects of the demand shock, especially
in the first few months after the shock occurs. We find for all three country pairs that

the explanatory power of the demand shock on industrial production would be much
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higher if the exchange rate could not respond. For example, for the country pair
euro area vis-a-vis the US, we find that in the baseline specification on impact, 73.7
percent of the forecast errors are explained by the demand shock in both states. In the
counterfactual scenario, on the other hand, this value is 81.2 percent, i.e. around eight
percentage points more. We also find a qualitatively similar picture and an even higher
absorbing effect of the real exchange rate for the other two country pairs. Second, the
absorbing effect of the exchange rate seems to be relatively short-lived. We find for
all country pairs that the absorbing effect of the exchange rate fades after six months.

Overall, our empirical results in Table (2) show that the real exchange rate can
absorb a considerable amount of variations in output, confirming its shock-absorbing

capacity before and during the ZLB episode.

V  FurtHER REsurts AND RoOBUSTNESS CHECKS

In this section, we provide further results and robustness checks. First, we re-estimate
our model for a basket of 16 countries. Second, we investigate how our results change
when we allow for smooth transitions between the states of the economy. Third, we
compare our results from the LP to the empirical evidence from a state-dependent
VAR. Forth, we assess the role of oil prices. Finally, we compare the effects from

different lag structures.

A. Considering a Basket of Countries

Our main results rely on three country pairs representing different monetary policy
stances. In this subsection, we re-estimate our model for the euro area vis-a-vis a
basket of countries, namely 16 different trading partners for which trade weights are
available. These countries consist of the 15 trading partners considered by the Bank
of International Settlement (BIS) for the calculation of the narrow index of the real
effective exchange rate, as well as China.”” Based on the time-varying trade weights,
as reported in Appendix Table (4), we calculate the real effective exchange rate for this
set of countries.

We use the same trade weights to calculate a weighted time series for industrial
production in these countries. Hence, we summarize the information for all 16 coun-
tries and treat them as a single country. Finally, we calculate the share of industrial

production in the euro area to this weighted industrial production series. By doing

*These countries comprise Australia, Canada, Taiwan, Denmark, Hong Kong, Japan, Korea, Mexico,
New Zealand, Norway, Singapore, Sweden, Switzerland, the United Kingdom, and the United
States. Importantly, we rescaled the trade weights for the 15 countries included in the narrow index

of the real effective exchange rate such that the trade weights of these countries and China sum up
to 100.
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so, we are fully consistent with our baseline identification strategy.”

We calculate the trade-weighted industrial production for the set of countries as

ip, = X, ip1e + X ipos e + X D164

where )(t.’e” is the trade weight for country j = 1,...,16 in the real effective exchange
rate, and ipj; refers to the seasonally adjusted industrial production index of country
j in period t.°! Figure (8) shows the impulse responses for this exercise. Two things
stand out. First, the impulse responses look similar to those presented in Section IV. In
particular, we observe a very similar pattern for the responses of industrial production,
prices, expected inflation, and the (shadow) short rate. Second, we find again that the
exchange rate depreciates both when interest rates are at the ZLB and when they are
not. More precisely, the exchange rate response looks very similar to the responses of
our model for the euro area vis-a-vis the US. That is, the exchange rate significantly
depreciates after half a year or so in the ZLB period, while the same is true after one
year when the ZLB is not binding.

Table (3) reports the results from the same counterfactual exercise as in Section IV.

As can be seen, the exchange rate also absorbs a considerable part of the adverse effects

Table 3: FEVD for the euro area vis-a-vis 16 trading partners

Pre-Z1LB ZLB
benchmark  counterfactual  difference benchmark ~ counterfactual  difference
h=0 78.7 85.3 6.6 78.7 85.3 0.6
h=3 74.2 76.6 2.4 43.1 46.9 3.8
h=6 63.0 62.9 -0.1 31.4 32.6 1.2
h=12 35.7 35.1 -0.6 18.0 18.2 0.2

Notes: All values are based on the median estimates and are rounded to one decimal point.

caused by the demand shock. However, as for the three country pairs in Section
IV, this effect lasts only a few months. In particular, our results indicate that the
effect disappears after six months and the values for the baseline specification and the
counterfactual scenario are almost identical.

Overall, we find that both the impulse responses and the role of the exchange rate

as a shock absorber are very similar to the results from the previous section.

390ne drawback of this exercise is that we cannot control for the ZLB periods of the individual
countries, so we take them as given. The focus here is thus only on the ZLB period of the euro
area. However, as can be seen from the previous section, our qualitative results for the domestic
country hold regardless of whether the other country is at the ZLB or not.

>Note that for Australia, New Zealand, and Switzerland, industrial production is only available on a
quarterly basis. We, therefore, interpolate these series in order to get monthly data.

28



Figure 8: Results for the euro area vis-a-vis 16 trading partners
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B. Allowing for Smooth Transitions Across Regimes

An important assumption in our analysis is that the economy jumps instantly from one
state to another. However, the possibility of the ZLB being reached might affect eco-
nomic decisions and expectations even before the ZLB becomes binding. If economic
agents anticipate that the policy rate might reach the ZLB in the future, their inflation
expectations might already react today. Hence, the economic consequences of the
Z1B can already be effective even before the short rate reaches zero. We acknowledge
this by allowing for a smooth transition between the two regimes I=pre-ZLB and
II=ZLB. The model then reads as

Yipen = (1 — F(z1)) (af,h + Bf,hyt + PYiI,hxt) + F(z1) (041{1;1 + 51{1;1% + 'yf,ﬂxt) + Uint,

where everything is kept similar to the benchmark case, except that we replace A,

with a logistic transition function F(z;) of the form

Zr — f,l)
0
Zr — ‘Ll)’

0z

exp (K

F(z) =

1+exp (K

where 1 is used to control the proportion of the sample the economy spends in either
state, and o is the sample standard deviation of the state variable z;. Finally, the
parameter x controls how abruptly the economy switches from one state to the other
following movements of the state variable z;. As regards the choice of 1, we choose the
median value of the policy rate. This is based on the fact that, within our observation
sample, the euro area policy rate was below one percentage point for 49.6% of the time.
We choose three different values for x, namely « € [3,4,5]. These values indicate an
intermediate degree of intensity of the regime-switching behavior (see, for instance,
Auerbach and Gorodnichenko, 2012; Tenreyro and Thwaites, 2016). Figure (9) shows
the evolution of the state variable for all three parameters for x over time. As can be
seen, there is now a smooth transition to the ZLB state rather than the abrupt switch
as in the baseline specification.

Figures (15) to (17) in the appendix show the results for this exercise together with
the baseline results. Two things stand out. First, the results for all three country
pairs are similar to those from the baseline specification with quasi-observable states.
Second, the choice of x does not seem to play a major role either, as the differences
between impulse responses for different «x are negligible. While we do not plot the
confidence bands for all individual impulse responses in order to avoid an unnecessarily
crowded graph, we can make similar statements about significance as in our main

results. This being said, here, too, we find a significant exchange rate depreciation
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Figure 9: Evolution of the state variable over time
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Notes: The red line corresponds to the EONIA short-term rate (left axis), while the black lines
correspond to the evolution of the state variable for x € [3,4, 5] (right axis).

after an adverse demand shock in both states.

Finally, the determination of the exact timing of the ZLB is not clearly defined. The
methodology in this exercise circumvents this problem by dividing the proportions
of states into periods in which the policy rate is either below or above one percentage

point.

C. Evidence from a Stale—Dependent STAR

As a further robustness check, for each country pair, we estimate a state-dependent
SVAR. We use the same endogenous variables in y; and rely on the same identification

strategy as in the baseline model. The state-dependent VAR, in its reduced form, reads
Y = (1 - At) BIXt + /\tBHXt + ey,

where y; is an 1 X 1 vector of endogenous variables, x; = [yt_l, e Vipr 1, t] is an
n X np + 2 matrix of control variables, B/ = [ {, . qbé, c, 5] contains the reduced-form
VAR coefhicients and e; is an 1 X 1 vector of reduced-form error terms. Similar to the
LP framework, the vector A; is equal to zero when the economy in period t is in state
I and equal to one when the economy is in state II, respectively. We use the same
identification strategy as in the LP framework, and for each model, we use p = 2 lags.
This lag length is preferred by the AIC.

We find that the impulse responses are qualitatively similar to our benchmark re-
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sults, although the VAR-based responses are somewhat smoother than the LP-based
responses. On the one hand, this shows that our results are robust to the model
specification, but on the other hand, it also shows that LPs and VARs produce qualita-
tively similar results even in a state-dependent framework (see, for instance, Plagborg-
Meller and Wolf, 2021). Figure (10) illustrates those findings for the real exchange
rate and inflation expectations for the euro area vis-i-vis Canada, Japan, and the
US. From the VAR-based assessment, we highlight two main findings: first, the real
exchange rate depreciates significantly in both samples, i.e. prior to the ZLB being
reached and once it has been reached for all country pairs. As for the LP analysis, the
real exchange rate depreciation in the ZLB period contrasts with the predictions of
the New Keynesian model outlined in Section II. Secondly, the decline in inflation
expectations in the ZLB period is not stronger than in the pre-ZLB period, thereby
again confirming our findings from the state-dependent LP. As mentioned above,
the findings align with the predictions of the extended New Keynesian model of
Section II, which allows the central bank to counteract the ZLB constraint through
unconventional measures, in contrast to the model without unconventional policy
measures.

The full set of results for state-dependent SVAR can be found in Figures (18) and
(20).” They also confirm our findings from Section IV concerning the evolution of

industrial production and prices across the three country pairs.

D. Controllingfor Oil Prices

Our baseline model includes inflation expectations and consumer prices for the euro
area. However, energy prices and oil prices are only indirectly included in our model
via consumer prices. To examine the extent to which oil prices may be a driver of

both inflation expectations and consumer prices, we estimate:
_ I i I i 1 11 1 I
Yit+h = (1- /\t) [(Xi/h + /Bi/h]/t + YinXt + wi/hzt] + Ay [ai,h + inyt + YinXt + wi,hzt] + Uint,

where the vector z; includes two lags of the real oil price (in euro and logs). It
can, however, be argued that the price of oil should be included in the model as an
endogenous variable rather than an exogenous variable. Therefore, for all country
pairs, we also estimate two models in which we include the oil price as an endogenous
variable where the oil price reaction is either unrestricted or restricted. As regards the

latter, we assume that the oil price falls in response to an adverse demand shock.

ZThese figures also show the impulse responses from the baseline specifications obtained by local
projections. Importantly, the impulse responses from the VAR and the LPs mostly overlap for the
restricted variables over the restricted projection horizon. Thus, we can confirm the finding of
Plagborg-Mgller and Wolf (2021) also for a state-dependent model.
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Figures (21) to (23) show the results from this exercise. In both states, the solid lines
and the shaded areas correspond to the results from the baseline specification. The
dashed lines correspond to the results from the alternative specification where the oil
price is included as an exogenous variable. The dotted (dash-dotted) lines correspond
to the specifications where the real oil price is included as an exogenous variable. That
is, the dotted lines are the median impulse response coefficients where the response
of the real oil price is restricted, while the dash-dotted lines correspond to the model
where the oil price response is unrestricted. A few things stand out. Most importantly,
adding the oil price does not make a remarkable difference. For all country pairs, we
find that the median impulse response coefhcients almost perfectly overlap with the
ones from our baseline model without the oil price.” While we do not show the
uncertainty bands for the alternative specifications, we also find that the error bands
do not change remarkably.

Figure (24) shows the reaction of the real oil price when this variable is treated
endogenously. Here, the solid lines correspond to the results for the specification
where the oil price reaction is restricted. In contrast, the dashed lines are the median
impulse response coefhcients for the unrestricted oil price response. For all country
pairs, we find that in the pre-ZLB period, the real oil price falls by about three percent
on impact before it gradually reverts to the expected value after about ten months.
Surprisingly, the oil price even overshoots, i.e., increases by two percent after about
14 periods. In the ZLB period, the response of the real oil price looks quite similar,

although there is no such overshooting puzzle.

E. Different Lag Specifications

It is well known that the dynamic properties of impulse responses may depend on the
lag order of the underlying model fitted to the data, both for VAR and LP frameworks.
This subsection reports our baseline results for different lag-length specifications.”

For each country pair, we, therefore, show impulse responses for the case where the

»For all country pairs, we estimated the model with core inflation instead of headline inflation. These
results are not shown here but available upon request. We find that the response of core inflation
is more persistent than that of headline inflation. This is perfectly consistent with the finding that
the oil price (in this case representative for energy) returns to the mean much faster than headline
inflation.

*We also re-estimated our models where we take the past value of the state variable Ay, as is
often recommended in the literature. The results do not change. Concerning state-dependent
local projections using external shocks, Gongalves et al. (2022) discuss conditions under which the
state-dependent local projections estimator can be expected to recover the true population impulse
responses. They show that in the case of endogenous state variables, the state variable has to be a
function of the number of lags of the endogenous variable being equal to the projection horizon. In
our approach, we identify the structural shock within the model instead of using external shocks. We
also do not explicitly model the state variable based on current and past realizations of the endogenous
variables.
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baseline model is estimated for p = 1 to p = 4 lags. To best compare the results, each
model starts with the fifth observation, including the baseline specification estimated
with two lags.

Figures (25) to (27) in the appendix report the corresponding results for this exercise.
Note that, for all country pairs and all endogenous variables, the estimated impulse
responses for p = 1, 3,4 follow our baseline results very closely and always lie within
the confidence bands of our baseline specification of p = 2. We conclude that our

results are robust concerning the chosen lag length.

VI ConNcrLusioNn

According to the standard New Keynesian argument, the exchange rate cannot work
as a shock absorber in response to an adverse demand shock when interest rates are
at the ZLB. However, allowing for unconventional measures as additional monetary
policy tools suggests that the exchange rate could, in fact, also depreciate in a ZLB
scenario. Our main contribution is to test this hypothesis empirically. We identify an
adverse demand shock using sign restrictions within a state-dependent local projection
model and show that the real exchange rate depreciates both when interest rates are
at the ZLB and when they are not. We find that the exchange rate fulfills its role as
a shock absorber even when interest rates are at the ZLB, and output and inflation
(expectations) are not significantly more volatile.

Our findings are robust for different country pairs: euro area vis-a-vis Canada,
Japan, and the US. These countries represent different monetary stances among G7
countries. Furthermore, our empirical results show that the real exchange rate can ab-
sorb considerable variations in output, confirming its shock-absorbing capacity before
and during the ZLB episode. Our findings are accompanied by a significant expansion
of the ECB’s balance sheet during the ZLB spell, while it remained unaffected in
the pre-ZLB period. Overall, our empirical results support an open economy New

Keynesian model with unconventional measures when interest rates are at the ZLB.
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APPENDIX

Table 4: Trade weights

Country \Years 1999-2001 2002-2004 2005-2007 2008-2010 2011-2013 2014-2020

Asia
China 7.5 12.0 17.5 23.6 26.2 26.9
Hong Kong 0.8 0.6 0.5 0.4 0.5 0.4
Japan 11.5 10.3 9.2 8.4 7.7 6.5
Korea 3.2 3.7 4.3 4.2 4.1 4.0
Singapore 2.1 2.0 2.0 1.9 2.0 1.8
Taiwan 2.9 2.6 2.5 2.4 2.3 2.2
AMERICA
Canada 2.2 2.1 2.1 2.0 2.0 1.9
Mexico 1.6 1.6 1.6 1.7 2.0 2.1
United States 26.3 23.6 21.4 19.9 19.5 21.3
Eurore
Denmark 3.0 3.1 3.1 2.9 2.5 2.5
Norway 1.5 1.6 1.7 1.7 1.5 1.3
Sweden 5.5 5.6 5.6 5.2 5.1 4.6
Switzerland 8.1 8.4 8.0 8.7 8.6 8.1
United Kingdom 22.8 21.7 19.3 15.9 14.7 15.3
OCEANIA
Australia 0.9 1.0 1.0 1.1 1.1 0.9
New Zealand 0.2 0.2 0.2 0.2 0.2 0.2
Sum X 100 100 100 100 100 100

Notes: Own calculations based on values taken from the Bank of International Settlement. Values are
rounded to one decimal point.
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Figure 11: Different inflation expectation measures | euro area vis-a-vis Canada
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Notes: Median impulse response coefficients for different inflation expectation measures. For both
states, the shaded areas correspond to the 5th (95th) and the 16th (84th) percentiles of the baseline
specification using forecasts from Consensus Economics.
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Figure 12: Different inflation expectation measures | euro area vis-a-vis the US

Industrial Production Prices Expected Inflation
0.05
o
o
£
-0.05
0 10 20 0 10 20 0 10 20
Real Exchange Rate Short Rate Relative IP
2
Y/
S 1
=
O ________
-1
0 10
Prices Expected Inflation
0.05

0 10 20 0 10 20 0 10 20
Real Exchange Rate Short Rate Relative IP

in %

20 0 10 20
Pre-ZLB | SPF =====7|B —-—-— ZLB | SPF

Notes: Median impulse response coefficients for different inflation expectation measures. For both
states, the shaded areas correspond to the 5th (95th) and the 16th (84th) percentiles of the baseline
specification using forecasts from Consensus Economics.
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Figure 13: Different inflation expectation measures | euro area vis-3-vis Japan
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Notes: Median impulse response coefficients for different inflation expectation measures. For both
states, the shaded areas correspond to the 5th (95th) and the 16th (84th) percentiles of the baseline

specification using forecasts from Consensus Economics.
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Figure 14: Consolidated balance sheet of the Eurosystem
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Figure 15: Smooth transitions | euro area vis-a-vis Canada
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Notes: Median impulse response coefficients for different values for k. For both states, the shaded areas
correspond to the 5th (95th) and the 16th (84th) percentiles of the baseline specification.
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Figure 16: Smooth transitions | euro area vis-a-vis the US
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Notes: Median impulse response coefficients for different values for k. For both states, the shaded areas
correspond to the 5th (95th) and the 16th (84th) percentiles of the baseline specification.
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Figure 17: Smooth transitions | euro area vis-a-vis Japan
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Figure 18: Results from a state-dependent SVAR for the euro area vis-a-vis Canada
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Notes: Median impulse response for the pre-ZLB period (red line) and the ZLB period (blue line). For
both states, the shaded areas correspond to the 5t (95¢th) and the 16th (84th) percentiles.
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Figure 19: Results from a state-dependent SVAR for the euro area vis-3-vis Japan
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Notes: Median impulse response for the pre-ZLB period (red line) and the ZLB period (blue line). For
both states, the shaded areas correspond to the 5t (95¢th) and the 16th (84th) percentiles.
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Figure 20: Results from a state-dependent SVAR for the euro area vis-3-vis the US
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Notes: Median impulse response for the pre-ZLB period (red line) and the ZLB period (blue line). For
both states, the shaded areas correspond to the 5t (95¢th) and the 16th (84th) percentiles.
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Figure 21: Including the oil price | euro area vis-a-vis Canada

Industrial Production
0.5

n %

10 20

Real Exchange Rate

0 10 20
Industrial Production
0.5
2 O i
£ E-
-0.5
-1
0 10 20
Real Exchange Rate
2
o
o
c
-1
0 10 20
— Pra-ZLB rerereess
= = =oilexo =====

0.05

0.05
-0.1

0.05

0.05
-0.1

0.1
0
-0.1
-0.2

oil endo (res)
oil endo (unres) = = =oil exo

Prices

10 20

Short Rate

0 10 20
Prices
0.05
g o
£
ENE
-0.05
0 10 20
Short Rate
0 10 20
_ZLB ------

in pp

0.05

-0.05

Expected Inflation

10 20

Relative IP

0

10 20

Expected Inflation

10 20

Relative IP

10
oil endo (res)
oil endo (unres)

20

Notes: Median impulse response coeficients (solid lines) for the alternative specification including the
real oil price as an exogenous variable. For both states, the shaded areas correspond to the 5th (95¢h) and
the 16th (84th) percentiles of the baseline specification with p = 2 lags. The dashed lines correspond to
the median impulse response coefhicients from the baseline specification without the real oil price.
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Figure 22: Including the oil price | euro area vis-a-vis the US
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Notes: Median impulse response coeficients (solid lines) for the alternative specification including the
real oil price as an exogenous variable. For both states, the shaded areas correspond to the 5th (95¢h) and
the 16th (84th) percentiles of the baseline specification with p = 2 lags. The dashed lines correspond to
the median impulse response coefhicients from the baseline specification without the real oil price.
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Figure 23: Including the oil price | euro area vis-a-vis Japan
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Notes: Median impulse response coeficients (solid lines) for the alternative specification including the
real oil price as an exogenous variable. For both states, the shaded areas correspond to the 5th (95¢h) and
the 16th (84th) percentiles of the baseline specification with p = 2 lags. The dashed lines correspond to
the median impulse response coefhicients from the baseline specification without the real oil price.
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Figure 24: The response of the real oil price
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Notes: Median impulse response coefficients (solid lines) for the alternative specification including the
real oil price as an exogenous variable. For both states, the shaded areas correspond to the 5th (95th) and
the 16th (84th) percentiles of the baseline specification with p = 2 lags. The dashed lines correspond to
the median impulse response coeflicients from the baseline specification without the real oil price.
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Figure 25: Different lag structure | euro area vis-a-vis Canada
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Notes: Median impulse response coefhicients for different lag specifications. For both states, the shaded
areas correspond to the 5t/ (95th) and the 16th (84th) percentiles of the baseline specification with p = 2

lags.
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Figure 26: Different lag structure | euro area vis-a-vis the US
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Notes: Median impulse response coefhicients for different lag specifications. For both states, the shaded
areas correspond to the 5t/ (95th) and the 16th (84th) percentiles of the baseline specification with p = 2

lags.
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Figure 27: Different lag structure | euro area vis-a-vis Japan
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