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Abstract

How long does it take for exchange rate changes to pass through into inflation? Does it
make a difference whether the exchange rate depreciates or appreciates? Do relatively large
exchange rate changes entail more exchange rate pass-through? In this paper, we examine
possible non-linearities in the transmission of exchange rate movements to import and con-
sumer prices in all 19 euro area countries as well as the euro area as a whole from 1997
to 2019Q1. We extend a standard single-equation linear framework with additional inter-
action terms to account for possible non-linearities and apply local projections to obtain
state-dependent impulse response functions. We find that (i) euro area consumer and im-
port prices respond significantly to exchange rate movements after one year, responding
more when the exchange rate change is relatively large; and (ii) euro appreciations and de-
preciations affect the level of euro area exchange rate pass-through in a symmetric fashion;

(iii) for euro area countries results differ for import and consumer prices and across countries.
JEL Classification: E31, F41.

Keywords: Exchange Rate Pass-Through; Inflation; Local Projections; Non-Linearities.



Résumé non technique

Les variations du taux de change se transmettent généralement aux prix a 'importation et, par
la suite, aux prix a la consommation. La littérature économique concernant ce canal de transmis-
sion, communément appelée “exchange rate pass-through” (ERPT), suggere de possibles effets
non-linéaires. Ainsi, des fluctuations particulierement importantes du taux de change pour-
raient induire des effets plus que proportionnels sur les prix. D’un point de vue théorique, cette
non-linéarité pourrait avoir plusieurs origines: des rigidités nominales empéchant des baisses des
prix, des contraintes de capacité, des stratégies de protection des parts de marché, des cofits
d’étiquetage, le choix de la devise de facturation, I’état du cycle économique ou encore le niveau
et la variabilité de I'inflation. Cependant, peu d’études empiriques analysent ces possibles non-
linéarités dans la zone euro. Cette étude vise a combler ce manque, en examinant deux types de
non-linéarités dans la transmission aux prix des variations du taux de change. Ces non-linéarités
peuvent se résumer par les questions suivantes: la transmission aux prix est-elle différente pour
une appréciation du taux de change et une dépréciation de la méme taille ? La transmission
est-elle différente si la variation du taux de change est particulierement élevée par rapport a la
moyenne historique ?

Notre échantillon couvre les 19 pays de la zone euro, ainsi que la zone euro dans son en-
semble, sur la période 1997T1 a 2019T1 a fréquence trimestrielle. Nous augmentons 'approche
standard par équation linéaire, en introduisant des termes d’interaction supplémentaires afin
de tenir compte des possibles non-linéarités. L’estimation par projections locales nous permet
d’obtenir des fonctions réponses différentes pour les appréciations et les dépréciations, ou pour
les variations “normales” et les variations “particulierement élevées”. En raison de I’échantillon
réduit, l'incertitude entourant les résultats est relativement large pour certains horizons plus
longs.

Pour ’ensemble de la zone euro, les données indiquent que les prix a I'importation réagissent
plus que proportionnellement aux variations du taux de change qui sont particulierement élevées.
Cependant, cette non-linéarité liée a la taille de la fluctuation est de durée relativement courte:
elle disparait a I’horizon de deux ans. Les prix a la consommation réagissent également davan-
tage aux variations particulierement élevées, tandis que leur réaction aux variations “normales”
n’est pas statistiquement significative. Pour les prix a la consommation comme pour les prix
a Iimportation, rien n’indique que 'appréciation et la dépréciation de ’euro ont des effets de
taille différente. En conclusion, pour ’ensemble de la zone euro, nous trouvons que c’est la taille
plutdt que le signe des variations du taux de change qui peut avoir des effets non-linéaires dans
la transmission aux prix.

Pour les pays individuels de la zone euro, nos estimations suggerent que les prix a I'importation
ne réagissent que partiellement aux variations du taux de change. Pour les prix a la consom-
mation, le degré de transmission varie considérablement d’un pays a ’autre, mais il est toujours

trés faible. Nous constatons ’existence d’effets non-linéaires dans un certain nombre de cas.



Notamment, pour certains pays de la zone euro la transmission aux prix a 'importation est
nettement plus élevée pour les appréciations de ’euro que pour les dépréciations. Enfin, pour
certains pays la transmission aux prix est aussi différente selon la taille des variations du taux

de change.



Non-Technical Summary

The degree to which exchange rate changes are transmitted to import prices and subsequently
to final consumer prices is commonly referred to as “exchange rate pass-through” (ERPT). The
literature on ERPT suggests theoretical underpinnings and provides some empirical evidence
for the presence of non-linearities. These may reflect downward rigidities in prices, binding
capacity constraints, market share strategies, menu costs, the choice of invoicing currency, the
state of the business cycle or the level and variability of inflation. Few empirical studies consider
non-linear responses of prices to exchange rate changes, especially for the euro area. This paper
contributes to this literature and examines two types of non-linearities in ERPT, summarised by
the following questions: does it make a difference if the exchange rate depreciates or appreciates?
What if the exchange rate change is relatively large from a historical perspective — does this
entail more exchange rate pass-through?

The empirical exercise is conducted with the country-specific harmonized index of consumer
prices and the aggregate import price index at the border, using quarterly data from 1997Q1
to 2019Q1 for all 19 euro area countries and the euro area as a whole. The analysis extends
a standard single-equation linear framework with additional interaction terms to account for
possible non-linearities and applies local projection (LP) techniques to obtain state-dependent
impulse response functions. Due to the relatively short estimation sample available and to
the intrinsic limitations of the LP estimator, the uncertainty surrounding the estimated price
responses to exchange rate changes is particularly large at distant forecasting horizons.

Evidence for the euro area as a whole suggests that import prices respond significantly more
to exchange rate movements that are relatively large. However, the size non-linearity is relatively
short-lived, disappearing at the two-year horizon. Consumer prices also respond more to large
exchange rate changes, while their response to small changes is not significant. We find no
evidence that euro appreciations and depreciations affect consumer or import price inflation in
an asymmetric fashion, that is, exchange rate changes of opposite sign lead to price responses
that are not statistically different. We therefore conclude that the size rather than the sign of
exchange rate changes significantly affects the level of ERPT to import and consumer prices in
the euro area as a whole.

For euro area countries, our estimates suggest that import prices respond only partially, on
impact, to exchange rate changes, possibly because our measure of import prices includes intra-
euro area trade. The degree of ERPT to consumer prices differs substantially across countries,
but is always very small. We find evidence of non-linear ERPT in a number of euro area
countries. Some larger euro area countries display significantly larger ERPT to import prices
following euro appreciation than depreciations, but only at shorter horizons. Finally, the price
response to large and small exchange rate movements is heterogeneous and country-specific. In
some countries prices respond to relatively small exchange rate changes, in others the response

is only significant for large exchange rate changes.



1 Introduction

[...] the way in which exchange rate movements pass through into import prices at
the border and at the final consumer level is also critically important to understand
the influence of external shocks on inflation. Consequently, understanding exchange
rate pass-through into aggregate prices is vital for forecasting inflation and setting

monetary policy. (Constancio 2017)

The degree to which exchange rate changes are transmitted to import prices and subsequently
to final consumer prices is commonly referred to as “exchange rate pass-through” (ERPT).!
Assessing the degree of pass-through to import and domestic prices is particularly important for
the conduct of monetary policy, as the exchange rate channel is one of the transmission channels
through which monetary policy impulses are transferred to the real economy and affect price
stability in the medium term (ECB 2011).

Exchange rate changes affect inflation in several ways. First, they are passed on directly
to consumer prices via their impact on imported consumer goods. For example, following an
exchange rate depreciation, imported final consumer goods become more expensive, pushing up
overall consumer price inflation. The relevance of this channel, which connects import prices
directly with consumer prices, mainly depends on the pricing decisions of foreign producers
exporting to the euro area. Second, some imported goods are used as inputs into production,
so an exchange rate depreciation translates into higher production costs, which feed through
the different stages of domestic intermediate and final goods production and ultimately affect
domestic consumer prices. The relevance of this channel, which links import prices directly to
producer prices and indirectly to consumer prices, largely depends on the pricing behaviour of
domestic firms. In particular, European firms might decide to pass on the increase in costs
resulting from a euro depreciation, raising prices to keep mark-ups and profits constant, or they
might leave prices unchanged and accept lower profits, thus damping the pass-through to final
consumer prices. The distribution sector (local transportation costs and retailer market power)
has an impact on both these channels. Third, exchange rate developments may also have an
effect via their impact on the competitiveness of domestically produced goods on international
markets (‘expenditure switching’ effects). An exchange rate depreciation makes domestically
produced goods more competitive in terms of their price on world markets. This, in turn, leads
to an increase in net exports, higher output growth and, via higher labour demand and higher
wages, ultimately puts upward pressure on consumer prices.

The relationship between exchange rates and inflation is an actively researched area in
economics. Seminal contributions were made by Campa & Goldberg (2005) and Burstein &
Gopinath (2014). Goldberg & Knetter (1997) and Burstein & Gopinath (2014) provide excel-

lent literature surveys.. Indeed, the empirical literature covers different countries, time periods

'See ECB (2016).
2Goldberg & Knetter (1997) and Burstein & Gopinath (2014) focus mainly on linear models. Ha et al. (2019)



and empirical methodologies. With respect to the euro area countries, valuable insights about
aggregate ERPT come from Campa et al. (2005), Campa & Goldberg (2005, 2010), Ben Cheikh
& Rault (2016) and Ozyurt (2016), who use mainly macro level data. Hahn (2003), Campa &
Gonzélez-Minguez (2006), Campa & Goldberg (2008), Amiti et al. (2014), De Bandt & Razafind-
rabe (2014), Ben Cheikh & Rault (2017) and Osbat et al. (2019) use sectoral and micro level
data. However, empirical estimates of ERPT to import and consumer prices are scarce, highly
uncertain and heterogeneous across models, estimation samples and euro area countries. For
policymakers this is a challenge, as it makes it significantly more difficult to anticipate the effect
of currency market fluctuations on domestic inflation. For the euro area as a whole empirical
estimates are very scarce, given the relatively short time history of the monetary union (since
1999). Estimates for euro area ERPT to import and consumer prices summarised in ECB (2016)
comprise an update of Hahn (2003), Comunale & Kunovac (2017) and two models used at the
ECB. Ozyurt (2016) and Osbat et al. (2019) are more recent studies providing ERPT estimates
for import prices.

Another strand of literature focuses on the possibility that ERPT may be nonlinear across
various dimensions. It may depend upon the level (or variability) of inflation, the state of the
business cycle, the type of shock driving the exchange rate, or the sign and size of the exchange
rate change.® Empirically Ben Cheikh & Louhichi (2016) for import prices and Gagnon & Thrig
(2004), Ben Cheikh (2012a), and Jasova et al. (2016) for consumer prices show that there is a
link between ERPT, the inflation level and its variability. Ben Cheikh et al. (2018) show that
ERPT can differ during expansions and recessions. Following up on the theoretical contribution
by Corsetti et al. (2008), empirical evidence for shock-dependent ERPT is provided by Forbes
et al. (2018) and Comunale & Kunovac (2017).

Our paper adds to the literature examining whether ERPT depends on the sign or size of
the exchange rate change. Does it make any difference whether the exchange rate depreciates
or appreciates, so-called sign non-linearity? Do larger exchange rate fluctuations entail more
exchange rate pass-through, so-called size non-linearity? If so, what is the timing of these two
non-linearities for import and consumer price inflation? Sign and/or size non-linearities for
some euro area countries are analysed in Bussiere (2013), Kili¢ (2016), Razafindrabe (2017) and
Brun-Aguerre et al. (2017) for import prices and in Delatte & Lépez-Villavicencio (2012) and
Ben Cheikh (2012b) for consumer prices. Although these studies find empirical evidence for
sign and size non-linearities for a few specific euro area countries, evidence for the euro area
countries is still relatively scarce and is not available for the euro area as a whole.”

This paper contributes to this strand of literature, providing estimates of ERPT to con-

focus on emerging market economies.

3For a thorough review of potential non-linearities in the relationship between exchange rates and inflation,
see Delatte & Lépez-Villavicencio (2012), Kili¢ (2016), and Brun-Aguerre et al. (2017).

“Webber (2000) and Caselli & Roitman (2016) find non-linearities for import prices in emerging economies,
Pollard & Coughlin (2004) for import prices in US industries and Przystupa & Wrébel (2011) for consumer prices
in Poland.



sumer and import prices for all 19 euro area countries as well as the euro area as a whole, and
investigating empirically whether ERPT is subject to sign and size non-linearities for import
and consumer prices. We make use of the simplest and most flexible empirical methodology
to estimate impulse responses, Jorda (2005) local projections (LP), and conduct our analysis
country-by-country over 1997Q1 — 2019Q1. The LP methodology easily accommodates nonlin-
ear specifications. To capture the presence of non-linearities in ERPT, and in particular to test
whether the sign and the size of exchange rate changes affect the level of pass-through, we follow
Bussiere (2013) and Caselli & Roitman (2016) and introduce interaction terms in a standard
linear regression model to estimate state-dependent impulse responses for consumer and import
prices.

This paper bears several practical insights on ERPT in the euro area. First, ERPT to
import prices after one year is larger if the quarter-on-quarter exchange rate change exceeds one
standard deviation. This finding is present for total import prices (including internal euro area
trade) and also for only extra-euro area import prices.” ERPT to consumer prices is small and
only statistically significant after large exchange rate changes. That said, the size nonlinearity is
relatively short-lived — it unfolds during the first year after the exchange rate change, but then
dissipates. Second, we find no evidence of sign non-linearity for ERPT into consumer or import
prices in the euro area as a whole. We therefore conclude that the size rather than the sign of
exchange rate movements significantly affects the level of ERPT in the euro area as a whole.
Third, across individual euro area members, empirical evidence for sign and size non-linearity
differs by non-linearity type and time horizon.

Studies that are relatively close to our approach include Delatte & Lépez-Villavicencio (2012)
and Brun-Aguerre et al. (2017), who use a non-linear Error Correction Model (ECM) to anal-
yse the ‘asymmetry’ of exchange rate pass-through (i.e. depreciation versus appreciation) into
consumer or import prices. Ben Cheikh (2012a) and Kili¢ (2016) use a Smooth Transition Au-
toregressive (STAR) model and test for size non-linearity in ERPT into consumer or import
prices. The LP econometric approach we use bypasses one important limitation of these so-
called ‘constant coefficient’ models. Specifically, both ECM and STAR constrain the dynamic
effect to increase or decrease monotonically over time, while LP estimates a separate coefficient
for each time horizon. Discarding long-run restrictions and allowing as much inter-temporal
flexibility as possible may establish more transparent stylised facts.

The rest of the paper is organised as follows. Section 2 provides technical details about LP
estimates of the dynamic response of prices to exchange rate movements and briefly describes our
dataset. Section 3 displays the empirical results and summarises key findings. Section 4 provides
robustness checks using an alternative model specification and different samples. Finally, Section

5 concludes.

SERPT into extra-euro area import prices is comparable with ERPT estimates for countries outside the
European Monetary Union



2 Methodology

Our analysis relies on a single-equation time series model similar to a dynamic Phillips curve.
When controlling for domestic economic slack and external price pressures, this reduced-form
equation measures the transmission of exchange rate changes into domestic prices over time. The
main limitation of our approach is that it only estimates the elasticity of inflation to exchange
rate movements. As a consequence, what we refer to as ERPT is a simple correlation between
two variables, without any structural interpretation. We estimate the dynamic responses of
inflation to exchange rate movements using local projections (LP), developed by Jorda (2005).
The LP method provides a flexible framework without any explicit long-run restrictions on
ERPT. Moreover, it easily accommodates nonlinear specifications. This section outlines the

technical details about the implementation of the methodology and describes our dataset.

2.1 Local Projections

Suppose t = 1, 2, ..., T measures the discrete time dimension of the data, while h = 0,1,..., H < T
denotes the projected horizon. Suppose further that p; and e; denote the natural log of the
domestic price level and the nominal exchange rate, respectively. The n x 1 vector of all other
control variables is denoted x;(h). The LP method generates estimates for each forecast horizon
h by regressing the dependent variable at ¢+ h on the available information set at time ¢.% In our
case, the linear LP of the cumulative rate of domestic price inflation is obtained by estimating

H different regressions by ordinary least squares (OLS):
q
Pivh = pr-1 = a(h) + o) Aes + Y x;_i(h)vi(h) + o (h)uspn(h), (2.1)
i=0

where wiyp(h) ~ N(0,1) and o(h) > 0 for all h. An impulse response (IR) can be defined as
the difference between two forecasts. Therefore, a LP estimate of the impulse response, IRy, 4,
of the cumulative inflation rate at horizon h to a change in the exchange rate at time t can be
traced out by plotting ¢(h) for h = 0,1, ..., H, since

IRh,t = Et[(?t+h — pt_1)|A6t = 001] — Et[(Pt+h — pt_1)|A6t = O] = d)(h) (22)

One of the main advantages of the above dynamic formulation is that the dependent variable is
the cumulative rate of inflation over a given period of time. This implies that, for each horizon
h, the statistical significance of ERPT can be assessed by standard inference on parameter ¢(h).
For this purpose, we use the Newey-West correction for heteroscedasticity and serial correlation.

The vector of control variables, x;(h), includes up to ¢ lags of inflation and of the first-

differenced exchange rate in order to account for possible serial dependence. We also introduce

5Jorda (2005) denotes the collection of h regressions in (2.1) as local projections, a term evoking nonparametric
methods.



different measures of domestic economic slack, denoted 3;, which reflect the state of aggregate
demand and supply at a given point in time. In order to capture the source of external price
pressure, we incorporate a weighted average of export price inflation in main trading partners
of the euro area. The latter is denoted As; = sy — s;—1. Finally, our dynamic specification
incorporates the previous horizon residuals, usp,—1(h — 1), for all A > 0. Formally, the vector

of control variables can be written:

[Api—1, 07, yt, Ast, Op)’ ift=0and h =0,
xi_i(h) = [Aps—i, Aet—i, ys—i, Ast—i, O] .if '1 <i<qandh =0, (2.3)
[Api—1,07, yt, Asg, ugrp—1(h — 1)) ifi=0and 0 < h < H,
[Aps—i, Ae—i, ys—iy Astiy uprn—1(h — 1)) otherwise,

where the zero vector Or spans the entire sample of size T.

Augmenting LPs by recursively including the residuals of the h — 1 LP horizon as regressors
in the A horizon LP comes from the conjecture originally postulated by Jorda (2005), p. 166.
This was developed explicitly by Teulings & Zubanov (2014) and Carriere-Swallow et al. (2016).
On the one hand, the LP method is robust to a variety of model misspecifications, because a
new set of coefficients is estimated for each horizon instead of relying on a restricted law of
motion that uses the same set of coefficients for all horizons.” It therefore does not constrain the
dynamic response of inflation to the exchange rate to be monotonically increasing or decreasing
over time.® On the other hand, the LP method projects the cumulative inflation rate into the
future while conditioning on regressors up to period t. This property is particularly desirable
when conducting a counter-factual policy analysis. At longer horizons the LP estimator becomes
increasingly inefficient and more susceptible to model misspecification errors. Including residuals
from shorter-horizon regressions is therefore an effective way to expand the information set. We
use the expression Augmented Local Projections (ALP) to refer to LPs including shorter-horizon
residuals. The information set for the ALP is broader than for the LP, since LP use all the
information available up to date ¢, while ALPs also incorporate residuals up to date ¢ +h — 1 for
all b > 0. If the model depicted in equation (2.1) is correctly specified, then in principle both
LPs and ALPs return an unbiased estimate of ¢(h). However, the ALP estimator is generally
characterised by a smaller OLS standard error, since it relies on additional information.

To capture possible non-linearities in ERPT, parameter ¢(h) in equation (2.1) could be con-
ditioned on different states associated with the exchange rate series. To test whether the sign
and size of exchange rate changes affect the extent of pass-through, we introduce an indicator
variable J; in equation (2.1), distinguishing the following states: (i) depreciations and appre-

ciations of the exchange rate (sign non-linearity or asymmetry), in which case d; = 1|a¢,>0

"This comes at the cost of greater estimation uncertainty — especially when H is a non-negligible fraction of
T.

8 Alternative single-equation models, such as an Error Correction Model (ECM) used by Delatte & Lépez-
Villavicencio (2012) or Brun-Aguerre et al. (2017), resort to a single set of coefficients. The cumulative dynamic
multipliers are then derived from a single set of parameter estimates.



(depreciation) and d; = 0|a¢, <0 (appreciation); and (ii) large versus small exchange rate move-
ments (size non-linearity), where §; = 1]| Ae,|>r (large exchange rate change in absolute terms)
and 0; = 1[|a¢,|<, (small exchange rate change in absolute terms). In the absence of a clear the-
oretical guideline, we set the threshold 7 equal to one standard deviation of the first difference
of the exchange rate series. The main advantage of this choice is that it picks up a sufficient
number of observations in the sub-sample.” The non-linear ALP are obtained by estimating the

following regression for each forecast horizon h:

q
Prah — Pi—1 = a(h) + ¢o(h)[1 — 6] Aes + ¢p1(h)dAey + ng_i(h)'yi(h) + o(h)ugsn(h), (2.4)
i=0

where ¢o(h) measures ERPT at horizon h when the indicator variable §; is equal to zero and
¢1(h) measures ERPT when 0, is equal to unity. Under the assumption that the error term is
Gaussian, the null hypothesis of ‘complete’ pass-through (¢g(h) or ¢1(h) = 1) can be tested by
a one-sided t-test. Similarly, the presence of asymmetry or size non-linearity can be determined
using a Wald test of the hypothesis ¢g(h) = ¢1(h) at any projected horizon h. In particular,
if ¢o(h) and ¢1(h) are not significantly different, then ERPT is linear. This concludes the
description of our empirical strategy and the discussion now turns to the description of the

dataset.

2.2 Data

Our empirical analysis is based on a data set for each of the 19 euro area countries and the
euro area as a whole during 1997Q1-2019Q1. All series are seasonally and working day adjusted
(for some countries only seasonally adjusted), with the exception of the exchange rate. For
consumer prices we use the country-specific Harmonised Index of Consumer Prices (HICP)
available in the ECB Statistical Data Warehouse. Domestic economic slack is measured by
country-specific output gap and the external price pressures are captured by a country-specific
index of competitor export prices - both series retrieved from the Eurosystem Macroeconomic
Projections Database.!” The latter combines export price indices of the 31 main trade partners
outside the euro area according to their share in euro area imports (also for each individual
euro area country), thereby attaching more weight to external price changes emanating from

the most important trade partners.'!

In our sample of 87 observations for the euro area we have 46% depreciation episodes and 29% large change
episodes (see Table Al in Annex A). Increasing the threshold would reduce the number of available observations
for large changes and increase the uncertainty of the estimates.

10For the sake of robustness, we implemented the same methodology using an alternative measure of domestic
economic slack, namely the unemployment gap (from the same source). The exercise is summarized in Section 4.
Results are generally unchanged. We focus on the results based on the output gap, because it may be a better
measure of slack as it also captures the total factor productivity gap, as well as participation and hours worked
gaps.

"The indices for the euro area and countries are available in euros, therefore we deflate them by country-
specific nominal effective exchange rate (based on the same weighting scheme) in order to obtain competitor price

10



The choice of the most appropriate exchange rate series is not straightforward, mostly be-
cause euro area countries trade a lot with each other. First, we are confronted with two mea-
surement options: (i) the total-euro area nominal effective exchange rate (NEER) — a basket of
currencies weighted by both intra- and extra-EA import shares; and (ii) extra-euro area NEER
— a basket of currencies based exclusively on non-euro area trade partners. Since the total-euro
area nominal effective exchange rate contains a substantial proportion that is constant, the most
relevant NEER from the policy makers’ perspective is based exclusively on trade partners out-
side euro area (i.e. extra-euro area). We therefore estimate ERPT into consumer prices using
the extra-euro area NEER. Second, we have to choose between country import weights or export
weights. We choose the import-weighted NEER as our measure, since we think that it is more
appropriate when analysing import and consumer prices.

For ERPT to import prices, we are presented with two further options: (i) the total euro
area import deflator for goods and services (national accounts concept) which also includes trade
within the euro area (available from the ECB Statistical Data Warchouse); and (ii) extra-euro

12 In

area import prices (available in the Eurosystem Macroeconomic projections database).
principle, one would expect exchange rate changes to affect extra-euro area import prices more.
However, total import prices could also capture spillovers from exchange rate changes via other
euro area countries. In the main part of the paper we present ERPT estimates for total import
prices and provide the results for extra-euro area import prices in Annex C. Estimates using
total import prices are more comparable to those available in the literature. Estimates using
extra-import prices provide a more appropriate comparison for countries which are not part of

the monetary union.'?

3 Results

We employ the general-to-specific approach to choose the most parsimonious model specification.
The model selection procedure starts from an equally-numbered lag specification and moves
towards fewer lags by inspecting the diagnostic statistics. We find that one lag for the dependent
variable is generally sufficient to account for serial dependence according to the Durbin-Watson
test statistic. Ultimately, our ALP estimates are based on a specification that incorporates the
contemporaneous values and one lag for all control variables, except the dependent variable,
which enters with just one lag. When h = 0 the Hausman test cannot reject the null hypothesis
of no misspecification in all countries for both price indices. At longer horizons the Hausman

test statistic does suggest that the model becomes increasingly misspecified, especially if the

movements in "national currency”, i.e. excluding the impact of the exchange rate.

12Quarterly data are not available for Ireland, Greece, Slovenia, Cyprus, Luxembourg, and Malta, and have a
poor quality for Lithuania.

13Some studies, such as Comunale & Kunovac (2017), estimate ERPT into total-EA import prices and then
re-scale the outcome using the data on intra-euro area trade shares. However, for some countries we get very
similar ERPT estimates for total and extra-euro area import prices, which suggests that intra-euro area price
spillovers are not negligible (see Table C1 in Annex C).

11



residuals from the previous horizon are not included. However, the short sample size makes the
extent of model misspecification difficult to assess with standard statistical tests. At horizons
of eight quarters or more the estimates become particularly unstable and we exclude ALP for
h > 7. The remainder of the paper reports the ERPT estimates for consumer and import prices
and discusses the impulse response. More specifically, Subsection 3.1 presents the estimates
from the linear model for each of the 19 euro area countries as well as for the euro area as a

whole. Subsection 3.2 and Subsection 3.3 present evidence on sign and size non-linearity.

3.1 Linear exchange rate pass-through and its time profile

Table 1 presents the estimates of ERPT based on the linear model defined in equation (2.1).
Below, we focus on the ALP estimates at the three horizons that have become customary in the
related literature: on impact (h = 0), after one year (h = 3), and after two years (h = 7). We
then test for three possible outcomes of interest, namely (i) no ERPT, (ii) incomplete ERPT
and (iii) complete ERPT.

Table 1: Linear ERPT

Import prices Consumer prices

Impact 1 year 2 years ‘ Impact 1 year 2 years

EA  0.20%* 033% 015 | 002 004  0.04

DE 0.28%  0.54%  0.49* 0.05*  0.06*  0.09*
FR  0.20*% 0.34* 0.29* 0.04* 0.03 0.04
IT  0.42* 0.63*  0.50%* 0.03*  0.05* 0.07*
ES  0.24%  0.54% 0.47* 0.06*  0.09* 0.12*
NL  0.24* 0.38%  0.34* 0.02 0.05*  0.14*
BE 0.27* 0.24 0.22 0.08* 0.05 0.08%*
AT  0.34%  0.45*%  047* 0.05%  0.09* 0.13*
PT 0.31*% 0.50* 0.37* 0.04 0.05 0.08*
FI ~ 0.23* 0.35* 0.17 0.05*  0.08*  0.14*
GR  0.23* 0.16 0.37* 0.06*  0.09*  0.13*
IE  044* 0.30% 0.12* 0.03 0.06 0.07
LU 0.33% 047* 0.11 0.13*  0.13* 0.11
Countries joining the euro area after 2007
SK 0.04 0.34*  0.36* 0.00 0.14%* 0.11
LT 0.34 045  0.87*%7 0.04 0.18%  0.23*
SI 0.30*  0.33*  0.34* 0.06*  -0.09 -0.06
LV 0.28*%  0.46* 0.27 0.02 0.15 0.12
EE 0.11*% 0.22%  0.14* 0.09* 0.17 0.17
CY 0.08¢ 0.14* 0.04 0.03 0.01 -0.05
MT  0.08 0.48*  0.36* 0.04*  0.09* 0.02

Note: The asterisk * indicates that the coefficient is significantly different
from zero; the dagger { indicates that it is not significantly different from
unity; The level of significance is 5% in all cases.

For the euro area as a whole, we find that ERPT to import prices is 20% on impact. One year
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after the exchange rate change, ERPT into import prices rises to 33%, remaining incomplete, but
after two years it is no longer statistically significant (see top row of Table 1).!* For consumer
prices euro area estimates are very small, only around 2% at impact, and are not significant.
This is at the lower range of estimates reported in ECB (2016).

The pattern for euro area ERPT to import prices is consistent with estimates for individual
euro area countries. Although the tables report results for all euro area countries, the discussion
will focus on those with longer data series. The ERPT estimates for countries that joined after
2007 should be treated cautiously as for most of the sample they had a different currency. For
the original euro area member countries, results show that import prices react only partially
to exchange rate changes on impact: the estimated ERPT ranges between 20% and 40% (top
left-side panel of Table 1). After one year, the response increases for most countries and lies
within the range 30-60% , with Italy displaying the largest coefficient (63%). After two years,
ERPT declines in 9 out of 12 original member countries and in some cases is not statistically
different from zero. However, second year estimates are subject to more uncertainty and the
decline is not likely to be statistically significant. The null hypothesis of complete exchange rate
pass-through is rejected at all considered horizons for all original euro area countries. This is
not very surprising given that our measure of import prices also includes intra-euro area trade,
which is mainly denominated in euros and only indirectly responds to exchange rate movements.
To summarise, our estimates suggest that the ERPT into import prices follows a hump-shaped
response over time in most euro area countries. In particular, there is only a partial pass-
through on impact (between 20% and 40%), this rises after one year (reaching 30-60%), but
then stabilises or slightly declines in the course of the second year. These results are partially at
odds with the monotonically increasing response found with error-correction models, such as in
Brun-Aguerre et al. (2017). In Section 4 we assess whether this evidence is robust to alternative
model specifications and estimation samples.

For consumer prices results are quite different (see the right-hand side panel of Table 1). We
find that the average response on impact is significant, but very small, with the only exceptions
of non-significant estimates for the Netherlands, Portugal and Ireland (see the first column on
the right-hand side of Table 1). Eight out of 12 original members exhibit an increase in ERPT to
consumer prices after one year. The most pronounced response on impact occurs in Luxembourg,
where 13% of exchange rate movements are passed through to consumer prices, but for most
other countries the impact is below 1%. Over a two-year horizon, ERPT is highest in the
Netherlands and Finland (14%). However, pass-through remains relatively limited compared
to that on import prices. Overall, our estimates suggest that ERPT to consumer prices differs
substantially across euro area countries and that the impact on headline inflation is small. This is
broadly in line with the empirical literature which found limited (and clearly incomplete) ERPT

into consumer prices in many advanced economies, see Campa & Goldberg (2010), Ben Cheikh

Y Ozyurt (2016) finds much larger effect using extra-euro area prices instead of total import prices. Our results
using extra-euro area import prices are broadly similar to Ozyurt (2016) (see Annex C).
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(2012b), Delatte & Loépez-Villavicencio (2012) among others.

What might explain the hump-shaped response of euro area import prices to exchange rate
changes? One possibility is nominal rigidity from setting import prices in local currency. In
the pricing-to-market paradigm originally proposed by Betts & Devereux (2000) and Devereux
& Engel (2003), it takes time for prices to adjust in response to exchange rate changes, since
international product markets are segmented in the short run. However, over time the global
forces of competitiveness and arbitrage eliminate any cross-border gap in prices. Local currency
pricing contributes to explain why import prices fail to adjust fully on impact. Our estimates
suggest that it takes approximately one year for ERPT to import prices, which could reflect the
renegotiation of one-year contracts. It could also reflect hedging activities by firms. However,
for longer horizons the influence of exchange rate changes may be blurred by other factors that
are hard to identify in a reduced-form analysis like ours, which requires some caution when
interpreting the results.

To what extent are our low and statistically insignificant estimates for longer horizons due to
the increasing severity of model misspecification? In our ALP setting, each regression includes
the residuals from inflation projections over shorter horizons. This may explain why exchange
rate movements in the distant past no longer have a significant effect on inflation. However,
whether we include shorter-horizon residuals has little effect on our point estimates. When
we excluded the residuals, as in Jorda (2005), the results were qualitatively and quantitatively
similar, except that the standard errors of the OLS estimates were larger for LP than ALP, as
expected.”

In summary, our estimates of linear ERPT in the euro area and its member countries suggest
that (i) ERPT into import prices is incomplete and follows a slightly hump-shaped pattern, with
partial pass-through on impact, increasing after one year and slightly declining after two; (ii)
ERPT to consumer prices increases steadily over two years, but remains limited at all horizons,

especially compared to results for import prices.

3.2 Non-linear exchange rate pass-through: sign non-linearity

Does it make a difference whether the euro depreciates or appreciates? In other words, does
the response of prices depend on the sign of the exchange rate change? Table 2 presents the
estimates of ERPT from equation (2.4), where the dummy variable d; splits the sample into euro
depreciations and appreciations. In this setting, we are able to test whether the coefficients for
depreciations and appreciations are significantly different which would represent evidence of a
sign non-linearity in ERPT.

In the euro area as a whole, the difference between ERPT following euro depreciations
and appreciations is not statistically significant for import or consumer prices at all horizons.

However, our estimates suggest that euro area import prices react significantly to appreciations

15The complete set of estimation results is available upon request.
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Table 2: ERPT: Sign Non-linearity

Import Prices

Consumer Prices

Euro Depreciation Euro Appreciation Euro Depreciation Euro Appreciation

Impact 1 Year 2 Years | Impact 1 Year 2 Years | Impact 1 Year 2 Years | Impact 1 Year 2 Years
EA 0.11 0.04 0.04 ‘ 0.26* 0.55%* 0.21 ‘ 0.04 0.02 0.03 0.01 0.06 0.05
DE 0.20% 0.23 0.47* 0.37* 0.83*f 0.50 0.05* 0.00 0.07 0.04*  0.12% 0.11
FR 0.14* 0.06 0.31 0.28*  0.65%* 0.26 0.05* 0.01 0.09 0.03 0.05 0.00
IT  0.41% 0.42 0.82*1 0.43*  0.84*%7 0.16 0.03* 0.03 0.12* 0.04* 0.08* 0.02
ES 0.15 0.25 0.60*f 0.33*  0.85*f 0.34 0.04 -0.03 0.10 0.07* 0.23*  0.15*
NL  0.15* 0.21 0.65%1 0.33* 0.55* 0.01 0.03 0.04 0.13* 0.00 0.06 0.15*
BE  0.23* 0.24  0.69*%} | 0.30* 0.24 -0.32 0.08* 0.05 0.20%* 0.08* 0.04 -0.08
AT 0.32% 0.47* 0.64* 0.36* 0.43* 0.26 0.03 0.06 0.16* 0.07* 0.12%* 0.09
PT  0.24* 0.12 0.43 0.39%  0.97*7 0.35 0.03 -0.06 0.03 0.05 0.18%* 0.16
FI 0.18* 0.16 0.48* 0.26* 0.52* -0.11 0.07* 0.10 0.11 0.03 0.06 0.16*
GR 024 -0.15 0.30 0.22 0.45* 0.43 0.13*  0.17* 0.33* 0.00 0.02 -0.07
IE  0.50%* 0.48%* 0.22 0.36* 0.09 0.00 0.03 0.07 0.12 0.03 0.05 0.02
LU 0.32* 0.46*  0.38* 0.34%* 0.49* -0.23 0.13%* 0.15*  0.31%* 0.12% 0.10 -0.12

Countries joining the euro area after 2007
SK  -0.02 0.36* 0.31 0.08 0.32% 0.39 0.00 0.15 -0.01 0.01 0.13 0.20
LT 0.38 0.04 1.25%¢ 0.32 0.76*1 0.61 0.10 0.17 -0.05 0.00 0.19 0.46*
ST 0.29% 0.40%* 0.71% 0.30* 0.23 -0.19 0.07 -0.12 0.04 0.04 -0.05 -0.19
Lv 0.26 -0.02 -0.33 0.29*  0.71*f 0.61*%f 0.09 0.01 -0.39 -0.01 0.23*  0.42%*
EE 0.13 0.09 0.21 0.10 0.31* 0.08 0.16* 0.24 0.28 0.03 0.11 0.06
CY 0.08* 0.09 0.22* 0.08* 0.18* -0.17 0.04 0.03 0.12 0.01 -0.01 -0.24
MT  -0.05 0.47* 0.41* 0.22 0.50* 0.29% 0.11* 0.17* 0.09 -0.02 -0.01 -0.06
Note: The asterisk * indicates that the coefficient is significantly different from zero; the dagger T indicates that it is

not significantly different from unity; bold indicates statistically significant differences between euro depreciations and
appreciations using a Wald test with a single linear restriction. The level of significance is 5% in all cases.

but not depreciations (uncertainty bands are wide). Following appreciations, ERPT is 55% after
one year but becomes statistically insignificant after two years. For consumer prices, coefficients
for appreciations and depreciations remain insignificant, as in the linear case.'®

Estimates suggest sign non-linearity in ERPT to import prices for seven out of 12 original
euro area member countries (left-hand side of Table 2). ERPT is significantly greater following
euro appreciations in Germany, France, Spain, Ireland and Portugal.!” However, the pattern of
sign non-linearity varies somewhat across countries and is generally rather short-lived. Two years
after the exchange rate change, the sign non-linearity is no longer present in the larger countries.
For Belgium and Luxembourg the response to depreciations is larger than to appreciations. This
effect, however, shows up at the two-year horizon.

For consumer prices the evidence for sign non-linearity is also mixed, but for five countries the
pattern is consistent with that found for import prices (right-hand side of Table 2). For Germany,
Spain and Portugal appreciations are passed on more than depreciations. For Belgium and

Luxembourg the opposite is true. The time profile varies across countries, but the non-linearity

16For the sake of robustness, we estimated asymmetric ERPT excluding residuals, as in Subsection 3.1. The
results are available upon request.

"For Spain the sign non-linearity is present for the first and second quarter and for Ireland for the first quarter
- horizons not shown in the Table 2.
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for consumer prices tends to appear at longer horizons than for import prices. For France and
Ireland the non-linearity observed for import prices is no longer present for consumer prices,
suggesting that the domestic pricing chain absorbs the non-linearity present at the border. The
only country with sign non-linearity for consumer prices but not for import prices is Greece.
For this country, ERPT to consumer prices seems to be larger following depreciations than
appreciations at all horizons.

To summarise, (i) in the euro area as a whole, ERPT into consumer and import prices is not
statistically different following euro depreciations and appreciations; (ii) ERPT into euro area
import prices is only statistically significant on impact during an appreciation and up to one
year after; (iii) in Germany, France and Spain, ERPT into import prices is statistically larger
for appreciations than for depreciations, but the asymmetry vanishes after two years.'® This
suggests that neglecting the presence of sign non-linearities may lead one to underestimate the

impact of exchange rate appreciations.

3.3 Non-linear exchange rate pass-through: size non-linearity

What if the exchange rate change is relatively large from a historical perspective — does it entail
a disproportionately greater exchange rate pass-through? Table 3 presents the ERPT estimates
from equation (2.4), where the dummy variable §; splits the sample into relatively large and
small quarterly changes, with the threshold set at one standard deviation of quarterly changes
in NEER. This corresponds to 2.3% for the euro area and around 3% in individual euro area
countries (see Table Al in Appendix A). Once again, we test for ERPT completeness and we
investigate whether the response is significantly different following large and small changes to
the NEER (i.e. Ho : ¢o(h) = ¢1(h)).

For the euro area as a whole, our findings suggest that large exchange rate changes lead to
greater ERPT into both import and consumer prices, but only within the first year (for h=1
to 4 horizons). Our results show that after one year 49% of large exchange rate movements
are transmitted to import prices, while small movements have little effect on impact and are
not statistically significant after one year. ERPT into import prices is incomplete and import
prices appear to respond more when the euro area is hit by large exchange rate shocks, which
is consistent with the menu costs theory. Finally, the slightly hump-shaped profile of ERPT
into import prices only appears for large exchange rate movements. For consumer prices, large
exchange rate changes generate a cumulative response of headline inflation equal to 7% after one
year, but small exchange rate changes have little impact. We conclude that the size of exchange
rate movements significantly affects the degree of ERPT into euro area consumer and import
prices.

Evidence of size non-linearity for import prices appears in six out of 12 original euro area

countries (see the left-hand side of Table 3). For France, Spain, the Netherlands and Belgium, we

8Brun-Aguerre et al. (2017) find larger long-run impact of depreciations only for Greece, but not for other
euro area economies. They start their sample in 1980, including the Exchange Rate Mechanism crisis in 1992.
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Table 3: ERPT: Size Non-linearity

Import Prices ‘ Consumer Prices

Large Euro Change Small Euro Change Large Euro Change Small Euro Change
Impact 1 Year 2 Years | Impact 1 Year 2 Years | Impact 1 Year 2 Years | Impact 1 Year 2 Years

EA  0.23* 0.49* 018 | 012 -0.15 011 | 0.03* 0.08% 006 | 000 -0.06  0.00

DE 0.29*  0.61* 0.53* 0.26*  0.32* 0.30 0.04*  0.07* 0.09* 0.07* 0.05 0.06
FR 0.18% 0.40* 0.39* 0.29* 0.17 0.00 0.04* 0.04 0.05 0.06%* 0.01 0.01
IT  041%  0.70%* 0.62*%F | 0.46*  0.49* 0.30 0.03*  0.06* 0.09* 0.05* 0.04 0.04
ES 0.19% 0.63%* 0.67* 0.36* 0.32 -0.10 0.04* 0.09%* 0.11%* 0.09*%  0.09%* 0.17*
NL  0.22* 0.49* 0.63* 0.28* 0.10 -0.43% 0.00 0.03 0.14* 0.06* 0.12% 0.16*
BE 0.26* 0.37* 0.27* 0.27* -0.02 0.11 0.08* 0.06 0.10* 0.09* 0.02 0.03
AT  0.32%* 0.47* 0.49%* 0.39% 0.43%* 0.43%* 0.04* 0.09%* 0.14%* 0.06%* 0.08 0.12
PT  0.27%  0.59* 0.46* 0.41* 0.27 0.14 0.04 0.06 0.07 0.04 0.05 0.09
FI 0.26%* 0.36* 0.02 0.14 0.35* 0.54% 0.07* 0.11* 0.16* -0.01 0.00 0.06
GR  0.20* 0.14 0.30%* 0.35* 0.23 0.62*t | 0.07*  0.10* 0.13* 0.04 0.07 0.15
1E 0.45* 0.39* 0.21* 0.39* 0.10 -0.09 0.04 0.09 0.14 0.01 0.01 -0.06
LU 0.26* 0.44%* 0.06 0.49* 0.54%* 0.26 0.12%* 0.15% 0.11 0.13* 0.09 0.11
Countries joining the euro area after 2007
SK 0.02 0.33* 0.33* 0.10 0.38 0.49 -0.02 0.08 0.01 0.12*  0.38* 0.62%*
LT 0.35 0.45 0.66*t 0.34 0.46 1.78%*7 0.06 0.21%* 0.21 -0.03 0.08 0.30
ST 0.27* 0.29 0.32 0.36*  0.39* 0.38 0.05 -0.11 -0.14 0.08%  -0.04 0.10
LV  0.25% 0.40 0.28 0.39*  0.63* 0.24 0.01 0.11 0.10 0.05 0.28* 0.20
EE 0.14*  0.27* 0.14 0.03 0.08 0.16 0.11*  0.23* 0.22* 0.02 -0.04 0.02
CY 0.08%  0.17* 0.00 0.09%* 0.05 0.13 0.02 0.02 -0.05 0.05 -0.01 -0.06
MT  0.02 0.50* 0.42* 0.23 0.48* 0.30* 0.03 0.05 0.03 0.08*  0.15* 0.03

Note: The asterisk * indicates that the coefficient is significantly different from zero; the dagger { indicates that it is not
significantly different from unity; bold indicates statistically significant differences between large and small exchange rate
changes using a Wald test with a single linear restriction. The level of significance is 5% in all cases.

find that large exchange rate changes have more impact than small changes. For most countries
the size non-linearity is present within the first year. In contrast, for two smaller member
countries, namely Finland and Luxembourg, small changes have proportionally more impact.

For consumer prices, the size non-linearity only appears for four original euro area members:
Spain, the Netherlands, Finland and Ireland (right-hand side of Table 3). For Spain and the
Netherlands, ERPT to consumer prices is proportionally higher for small changes than for large
changes, whereas for Finland the opposite is true. The non-linearity appears during the first
year in some countries, while in others it only appears after two years.

By and large, for both import and consumer prices we find that large changes are more likely
to lead to statistically significant ERPT than small changes (10 countries versus 5 for import
prices and 7 versus 2 for consumer prices). The size non-linearity for import and consumer prices
is in the opposite direction for Spain, the Netherlands and Finland. A number of factors may
explain this finding. First, final consumer goods are only a fraction of total imports of goods and
services for any country and it may be that size non-linearity for imports of commodities and
intermediate inputs dominates that of consumer goods. Second, the transmission mechanism
from import prices to consumer prices is very complex and involves a number of domestic sectors

- transportation and storage, producers and retailers. The final consumer price encompasses
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intertwined effects of market power and price setting behaviour by all these sectors (for discussion
of these impacts see for example Burstein & Gopinath (2014)).

In summary, (i) for the euro area as a whole, consumer and import prices respond more
to large exchange rate changes, but non-linearity dissipates after the first year; (ii) ERPT
into import prices remains incomplete and follows a hump-shaped pattern, but only for large
exchange rate movements; and (iii) at the country level, the size non-linearity differs — in some
countries, prices absorb a greater proportion of relatively small exchange rate changes, while in

others prices only react significantly to large exchange rate changes.

4 Robustness

This section evaluates the robustness of our results along two dimensions: model specification
and parameter stability. In Subsection 4.1 we test the robustness of our model specification by
using the unemployment gap instead of the output gap to measure economic slack. In Subsection

4.2 we assess the sensitivity of results to changes in the estimation sample.

4.1 Are ERPT estimates affected by the measure of economic slack?

The vector of explanatory variables x; in equation 2.3 includes a variable y; to control for
domestic demand and supply factors. This is standard practice in the ERPT literature, although
the choice of the variable differs across studies. For example, Jasova et al. (2016) use the domestic
output gap while Ozyurt (2016) uses the unit labour cost. Our benchmark specification includes
the output gap, which in principle captures a broader measure of slack than the unemployment
gap. To assess whether our results are robust to alternative measures of economic slack, we re-
estimate the linear and non-linear model in equations (2.1) and (2.4), replacing the output gap
with the unemployment gap. As described in Section 3, we use the general-to-specific approach
to select a parsimonious model that incorporates the contemporaneous values and one lag for
all control variables, with the exception of the dependent variable, which enters with just one
lag. The results of this exercise are shown in Appendix B, Tables B1 to B3.

The left-hand side of Table B1 indicates that for import prices ERPT estimates are rather
similar with either output gap or the unemployment gap. Only for some cases (euro area,
Belgium and Luxembourg) does the unemployment gap lead to larger estimates than those in
Table 1, especially for one and two-year horizons. Qualitatively, the profile of import price
responses to exchange rate movements remain largely unchanged.

For consumer prices, ERPT estimates with the linear model are also rather robust to the
choice of slack variable (first column on the right-hand side of Table B1), although less than
for import prices. Discrepancies in the magnitude and in the statistical significance of the
estimated coefficients appear one year after the exchange rate shock, especially for Belgium,
Austria, Portugal, Greece, Ireland and Luxembourg. For most of these countries, with the

exception of Greece, ERPT estimates using the unemployment gap are larger. For Greece,
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ERPT is lower and becomes insignificant two years after the exchange rate change. From a
qualitative point of view, however, ERPT into consumer prices reported in Table 1 is consistent
with Table B1. The somewhat higher ERPT to consumer prices with the unemployment gap
could mean that consumer prices are more closely linked to the state of the labour market, while
import prices are more closely linked to the overall state of the economy. However, comparing
adjusted R-squared statistics over the estimated horizons does not support this hypothesis. Fit
is not systematically higher for specifications with the unemployment gap (see Table 4). We

leave further analysis for future work.

Table 4: Linear ERPT: Adjusted R-squared (average over 8 horizons)

‘ Countries joining the euro area after 2007
EA‘ DE‘ FR‘ IT‘ ES‘ NL‘ BE‘ AT‘ PT‘ FI‘ GR,‘ IE‘ LU‘ SK‘ LT‘ SI‘ LV‘ EE‘ CY‘MT
Import prices
output gap 0.58 0.70 0.63 0.63 0.59 0.56 0.63 0.66 0.61 0.58 0.54 0.55 0.59
unemployment gap 0.53 0.62 0.61 0.61 0.59 0.55 0.59 0.61 0.61 0.57 0.55 0.53 0.48
Consumer prices

output gap 0.58 0.55 0.60 0.71 0.69 0.58 0.63 0.57 0.61 0.46 0.71 0.71 0.59
unemployment gap 0.63 0.54 0.61 0.66 0.68 0.52 0.57 0.55 0.60 0.55 0.77 0.60 0.62

0.51 045 0.58 0.51 0.56 0.55
0.46 0.44 0.60 0.50 0.55 0.63

oo
[
13}

042 066 0.53 0.67 0.58 0.54 0.42
0.52 0.62 0.52 0.62 0.53 0.70 0.47

Turning to the non-linear equation 2.4, Table B2 confirms that the sign of the exchange
rate change affects ERPT to consumer and import prices only in a few euro area countries.
Qualitatively the estimates are similar for most countries. The sign non-linearity for import
prices is confirmed for Germany, France, Spain and Portugal. For Belgium and Luxembourg
uncertainty at the two-year horizon is higher with the unemployment gap and the Wald test
fails to reject at the 5% significance level the difference in coefficients for appreciations and
depreciations. The results for the euro area, Austria and Greece now suggest a sign non-
linearity, but this reflects narrower confidence bands rather than qualitatively different coeflicient
estimates. For consumer prices, results are also broadly similar to those with the output gap.
The sign non-linearity is confirmed for Spain, Portugal, Greece and Luxembourg. Estimates are
more uncertain for Germany, but more precise for Austria.

Table B3 presents estimates for the size non-linearity using unemployment gap as economic
slack control variable. For import prices, the size non-linearity in generally confirmed. For
Luxembourg results are more uncertain with the unemployment gap and linearity cannot be
rejected. For Italy, the Wald test now suggests statistically significant size non-linearity. For
consumer prices, size non-linearity is confirmed for the euro area, Spain, the Netherlands, Finland
and Ireland, also appearing for Belgium.

Overall, our analysis suggests that (i) neither measure of economic slack can claim to uni-
formly provide better fit to the data. In other words, the choice of economic slack proxy should
depend on the inflation measure and the country under scrutiny; (ii) uncertainty remains large,
especially at the two-year horizon; (iii) despite some discrepancies, the main conclusions drawn

in Section 3 are generally confirmed by this robustness check.
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Figure 1: Euro Area Linear ERPT : Import Figure 2: Euro Area Linear ERPT: Con-
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4.2 Are ERPT estimates subject to parameter instability?

This subsection assesses the stability of the linear and nonlinear ALP models through sub-sample
analysis. We estimate our benchmark specification of equations (2.1) and (2.4) on samples
featuring the same end date, 2019Q1, and different starting points: 1995Q1 (only for import
prices), 1997Q1 (start of the seasonally adjusted data for consumer prices) and 1999Q1 (start
of the euro area). We then assess the robustness of the hump-shaped response found previously
and, more generally, evaluate whether our results depend on the choice of estimation sample.
For the sake of brevity, we report only the linear results for the euro area in Figures 1 and 2.

Whether the sample starts in 1995 or in 1997, the responses of cumulative inflation to a
one-off exchange rate change practically overlap over the considered time horizon and feature a
clear hump-shape, as in Section 3. However, if the sample starts in 1999, the hump shape in the
inflation response is less pronounced and does not fade at the two years horizon. Comparing
estimates starting in 1995 and in 1999 suggests that the ERPT impact has become somewhat
more persistent (in Figure 1 the second year estimates are higher with the sample starting in
1999). For consumer prices, estimates are similar for both starting periods (see Figure 2). This
suggests that ERPT point estimates are sensitive to the estimation sample, especially for longer
time horizons, suggesting that reduced form results should be interpreted cautiously, especially
given the short estimation sample available.

Overall, the evidence of size non-linearity for import and consumer prices in the euro area
holds across all samples examined. Also at the country level, the evidence of country-specific
non-linearities is rather robust: our ERPT estimates are broadly similar upon impact, with

slight differences at longer horizons (see Figures D1 and D2 and Table D1 in Annex D).

19The complete set of results for original euro area members is available upon request.
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5 Conclusion

The literature on exchange rate pass-through provides theoretical underpinnings and empirical
evidence for non-linearities. Those may reflect downward rigidities in prices, binding capacity
constraints, market share strategies, menu costs, the choice of invoicing currency, the state of
the business cycle or the level and variability of inflation. The empirical literature on non-
linear ERPT is relatively scarce, especially for the euro area. This paper examines possible
non-linearities in ERPT to consumer and import prices in all 19 euro area countries as well as
the euro area as a whole.

The empirical exercise is conducted with the country-specific harmonized index of consumer
prices and the aggregate deflator for goods and services imports, using quarterly data from
1997Q1 to 2019Q1. The analysis extends a standard single-equation linear framework with
additional interaction terms to account for possible non-linearities. Local projection techniques
provide state-dependent impulse response functions. Due to the relatively short estimation
sample available and to the intrinsic limitations of the LP estimator, estimates for longer horizons
are subject to wide uncertainty.

Evidence for the euro area as a whole suggests that ERPT to import prices is greater when
exchange rate movements are larger. For consumer prices, ERPT is not significant, except when
exchange rate changes are large. Specifically, if the quarter-on-quarter change in the nominal
effective exchange rate exceeds one standard deviation, then exchange rate pass-through into
euro area headline inflation averages only to 8%. The size non-linearity is relatively short-lived,
disappearing at the two-year horizon. We find no evidence of sign non-linearity (asymmetric
exchange rate transmission to headline or import price inflation). We therefore conclude that
the size rather than the sign of exchange rate movements significantly affects the level of ERPT
in the euro area as a whole.

For individual euro area countries, our estimates of ERPT to import prices suggest that
they respond only partially on impact, possibly because our measure of import prices includes
intra-euro area trade. For consumer prices, ERPT differs substantially across countries, but
the impact on headline inflation is generally very small. For import prices, in some large euro
area countries ERPT is significantly higher following euro appreciations than depreciations, but
only at shorter horizons. Only a handful of euro area countries display significant evidence of
sign non-linearity in ERPT to consumer prices, but the direction and the time profile of the
asymmetry vary from country to country. For size non-linearity, the response of prices to large
and small exchange rate movements differs across inflation measures and countries: in some
countries, prices respond more to relatively small exchange rate changes, while in others prices
only react significantly to large exchange rate changes.

Our robustness checks provide additional insights. First, for both consumer and import
price inflation our results appear to be qualitatively robust to the choice of proxy for economic

slack. However, neither of the two measures considered can uniformly provide the better fit
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to the data, and the uncertainty surrounding the estimates remains large. In other words, the
measure of economic slack should depend on the country and on the inflation measure under
scrutiny. Second, the hump-shaped profile of our import price ERPT estimates is sensitive to the
estimation sample. Third, although ERPT estimates appear to be subject to some instability,

we find robust evidence of non-linearities in ERPT in the euro area and its member countries.
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B Annex

Table B1: Linear ERPT with Unemployment Gap

Import prices Consumer prices
Impact 1 year 2 years ‘ Impact 1 year 2 years
EA 0.21% 0.42% 0.27% | 0.02 0.04 0.04
DE 0.29%* 0.58* 0.49%* 0.04* 0.06* 0.09%
FR 0.20%* 0.36* 0.31%* 0.04* 0.03 0.06*
IT 0.43* 0.69* 0.56* 0.03* 0.06* 0.09*
ES 0.24%* 0.57* 0.48* 0.06* 0.10%* 0.12%
NL 0.23* 0.36* 0.29%* 0.01 0.06* 0.16*
BE 0.29* 0.49* 0.47* 0.07* 0.11* 0.14*
AT 0.36* 0.56* 0.48* 0.05* 0.12% 0.15*
PT 0.32% 0.56* 0.44%* 0.03 0.07* 0.13*
FI 0.24* 0.36* 0.13 0.04* 0.08* 0.13*
GR 0.22% 0.16 0.32% 0.05* 0.05 0.04
1E 0.43* 0.32% 0.12 0.04 0.11 0.18
LU 0.36* 0.57* 0.29 0.12% 0.15* 0.16*
Countries joining the euro area after 2007
SK 0.06 0.18* 0.18 -0.03 -0.10 -0.31%*
LT 0.30 0.51%* 0.76*F 0.02 0.17 0.24
ST 0.41* 0.84*f 0.57* 0.05* -0.05 -0.03
LvV 0.22%* 0.26 0.22 0.02 0.08 0.01
EE 0.11* 0.23* 0.16* 0.09% 0.17 0.17
() 0.07* 0.16* 0.10* 0.01 0.02 0.03
MT 0.05 0.49%* 0.35* 0.04* 0.08* 0.01

Note: The asterisk * indicates that the coefficient is significantly different
from zero; the dagger 1 indicates that it is not significantly different from
unity. The level of significance is 5% in all cases.
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Table B2: ERPT with Unemployment Gap: Sign Non-linearity

Import Prices Consumer Prices

I
Euro Depreciation Euro Appreciation Euro Depreciation Euro Appreciation

Impact 1 Year 2 Years Impact 1 Year 2 Years Impact 1 Year 2 Years Impact 1 Year 2 Years
EA 0.11 0.07 -0.13 | 0.29% 0.68*1 0.57* || 0.03 0.00 -0.08 | 001 0.08 0.13*
DE 0.21%* 0.30 0.68*f 0.38%* 0.86*1 0.30 0.04 0.00 0.06 0.03 0.11%* 0.12%
FR 0.14* 0.09 0.44 0.27% 0.65%* 0.16 0.05% 0.02 0.11% 0.03 0.05 0.00
1T 0.42* 0.47 0.89%¢ 0.44%* 0.92*% 0.21 0.03 0.04 0.16* 0.04%* 0.08%* 0.01
ES 0.15 0.30 0.61*f 0.34* 0.85% 0.34 0.04 -0.02 0.13 0.07* 0.22%* 0.12
NL 0.14 0.10 0.43 0.32* 0.63* 0.14 0.03 0.05 0.15* -0.01 0.07 0.17*
BE 0.23% 0.21 0.67*f 0.35% 0.74%+ 0.26 0.08* 0.06 0.13 0.06* 0.15% 0.15*
AT 0.31%* 0.55% 0.91*% 0.40% 0.57* 0.01 0.03 0.06 0.18% 0.07* 0.17%* 0.11
PT 0.25* 0.14 0.41 0.39% 1.04%¢ 0.50 0.03 -0.06 0.05 0.04 0.22% 0.23%
FI 0.19% 0.12 0.39 0.28% 0.56* -0.08 0.06* 0.07 0.03 0.02 0.09%* 0.21%
GR 0.18 -0.21 0.16 0.25 0.50* 0.45 0.10* 0.08 0.20 0.00 0.03 -0.12
IE 0.51% 0.39 0.20 0.34* 0.23 0.02 0.03 0.04 0.08 0.05 0.19* 0.32*
LU 0.31* 0.48* 0.45* 0.40* 0.67*f 0.08 0.14* 0.16* 0.30%* 0.11* 0.13* 0.01

Countries joining the euro area after 2007

SK 0.09 0.29 0.21 0.03 0.10 0.16 0.07 0.16 0.04 -0.09 -0.28%* -0.54%*
LT 0.40 0.09 0.91 0.24 0.80* 0.64 0.09 0.15 -0.05 -0.03 0.18 0.46*
SI 0.47* 1.03%t 1.20%} 0.32* 0.56* -0.35 0.05 -0.16 -0.12 0.05 0.07 0.09
LV 0.20 0.02 -0.16 0.24 0.54 0.72 0.04 -0.23 -0.74 0.00 0.46* 1.02*
EE 0.12 0.07 0.22 0.11 0.34%* 0.12 0.20%* 0.21 0.04 0.01 0.14 0.28
(2 0.06* 0.06 0.17 0.09% 0.25%* 0.01 0.02 -0.01 0.09 0.01 0.06 -0.05
MT -0.17 0.46* 0.42%* 0.27 0.51% 0.28% 0.10%* 0.17%* 0.07 -0.01 -0.02 -0.06

Note: The asterisk * indicates that the coefficient is significantly different from zero; the dagger { indicates that it is not
significantly different from unity; bold indicates statistically significant differences between depreciations and appreciations.
The level of significance is 5% in all cases.

Table B3: ERPT with Unemployment Gap: Size Non-linearity

Import Prices H Consumer Prices
Large Change Small Change Large Change Small Change
Impact 1 Year 2 Years Impact 1 Year 2 Years H Impact 1 Year 2 Years Impact 1 Year 2 Years
EA 0.24* 0.60% 0.32* | 0.12 -0.12 012 || o0.03* 0.08* 0.08* | 0.00 -0.07 -0.02
DE 0.30* 0.66* 0.58% 0.28% 0.37* 0.20 0.03* 0.06* 0.10* 0.05* 0.05 0.05
FR 0.17* 0.42% 0.48%* 0.28%* 0.18 -0.16 0.03* 0.04 0.08* 0.06* 0.02 0.01
IT 0.42* 0.86%* 1 0.72% 0.45% 0.38%* 0.23 0.02* 0.07* 0.09* 0.05* 0.05 0.08
ES 0.20* 0.65* 0.67* 0.36* 0.34* -0.09 0.04%* 0.10* 0.10* 0.10%* 0.09 0.18*
NL 0.21* 0.47* 0.57* 0.28%* 0.08 -0.49* -0.01 0.02 0.12* 0.07* 0.17* 0.27*
BE 0.29* 0.64%* 0.60* 0.29% 0.15 0.20 0.07* 0.12%* 0.19* 0.08* 0.08 0.04
AT 0.34% 0.59* 0.51%* 0.41%* 0.50% 0.43* 0.04* 0.13* 0.17% 0.06* 0.09 0.11
PT 0.28* 0.65* 0.52% 0.41% 0.32 0.21 0.03 0.08%* 0.12% 0.03 0.06 0.14%*
FI 0.27* 0.41%* 0.04 0.13 0.24 0.38 0.06* 0.10%* 0.16* -0.01 0.01 0.04
GR 0.19% 0.15 0.27* 0.33%* 0.19 0.511 0.05%* 0.06 0.04 0.04 0.02 0.01
IE 0.44* 0.44* 0.24%* 0.39* 0.06 -0.18 0.04 0.14 0.28%* 0.03 0.05 -0.01
LU 0.31%* 0.61% 0.32 0.45% 0.50%* 0.24 0.12%* 0.17* 0.17* 0.14% 0.11% 0.16*
Countries joining the euro area after 2007
SK 0.04 0.18% 0.18% 0.11 0.14 0.18 -0.05 -0.16* -0.41%* 0.07 0.12 0.07
LT 0.32 0.53 0.55 0.24 0.41 1.64 0.04 0.19 0.26 -0.04 0.05 0.15
SI 0.40* 0.87*f 0.63* 0.45* 0.76*} 0.42 0.04 -0.07 -0.09 0.08* 0.00 0.12
LV 0.17 0.15 0.25 0.40%* 0.62*} 0.15 0.02 0.06 -0.01 0.05 0.17 0.08
EE 0.13% 0.28* 0.19%* 0.03 0.06 0.07 0.12* 0.23%* 0.19 0.01 -0.06 0.14
cYy 0.07* 0.17* 0.06 0.09%* 0.11 0.21* 0.00 0.02 0.04 0.06 0.04 -0.01
MT -0.04 0.50* 0.39% 0.25 0.47% 0.32* 0.01 0.05 0.00 0.12%* 0.16* 0.03

Note: The asterisk * indicates that the coefficient is significantly different from zero; the dagger { indicates that it is not
significantly different from unity; bold indicates statistically significant differences between large and small exchange rate
changes. The level of significance is 5% in all cases.
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D Annex

Figure D1: Import prices Figure D2: Consumer prices
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Table D1: Robustness of Non-linearities Across Samples

Import Prices ‘ Consumer Prices
Sign Non-linearity ‘ Size Non-linearity ‘ Sign Non-linearity ‘ Size Non-linearity
95-2019Q1  97-2019Q1  99-2019Q1 | 95-2019Q1  97-2019Q1  99-2019Q1 | 97-2019Q1  99-2019Q1 | 97-2019Q1  99-2019Q1
EA 0 0 0 L L L 0 0 L L
DE A A A L 0 L A A 0 S
FR A A A L L 0 0 0 0 0
IT 0 0 0 0 0 L 0 0 0 0
ES A A A 0 L L A A S S
NL 0 0 0 L L L 0 0 S S
BE 0 D D 0 S 0 D 0 0 S
AT 0 0 0 0 0 S 0 0 0 0
PT A A A 0 L L A 0 0 0
FI 0 0 0 L L 0 0 D L 0
GR A 0 0 0 0 0 D D 0 0
1E D D D L 0 0 0 0 L 0
LU 0 D D S S S D D 0 0

Note: Labels D (A) denotes statistically significant sign non-linearity with higher impact after depreciations (appreciations);
Labels L (S) denote statistically significant size non-linearity with higher impact after large (small) changes in the exchange
rate.
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